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NAVIGATION    WORKS     EXECUTED    IN    FRANCE 
FROM    1876    TO    1891. 


By  F.  GriLiiAiN,  Insiaecteiir-General  des  Fonts  et  Cliaussees,  Directeiir 

des   Koutes,  de   la   Navigation,  et   des   Mines   au 

Ministere  des  Travaux  Fnblics. 


Translated  from  the  French  by  C.  L.  CRANDAXii,  M.  Am.  Soc.  C.  E. , 
assisted  bv  C.  W.  Shekman,  Jun.  Am.  Soc.  C.  E. 


Prepared  for  the  International  Engrineering  Congress  of  the 
Colnnibian  Exposition,  1803. 


The  work  presented  in  the  following  memoir  is  a  collective  work — 
that  of  the  engineers  of  the  Corps  des  Fonts  et  Chaiissees,  who  are  the 
engineers  of  the  French  government.  It  has  been  prepared  with  the 
conenrrence  of  the  chiefs  of  the  princij)al  departments  of  river  and 
maritime  navigation  in  France.  The  writer  has  had  besides,  as 
colaborers — for  the  technical  description  of  the  interior  navigation 
works,    M.    Holtz,   Inspector-General,    Professor  of  Internal  Naviga- 

NoTE.— Discussion  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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tion  at  TEcole  des  Fonts  et  Chaussees  ;  for  the  technical  description  of 
the  maritime  works,  M.  Quinette  de  Kochemont,  Insijector-Geueral, 
Professor  of  Ports  at  the  same  school  ;  for  the  financial  and  statistical 
part,  M.  Beaurin-Gressier,  Chief  of  the  Division  of  Navigation  in  the 
Dejaartment  of  Public  Works. 

The  subject  comjirises  two  distinct  parts — fii'st,  interior  navigation 
"works  ;  second,  maiitime  navigation  works. 

There  has  been  no  effort  made  to  give  a  detailed  description  of  all  of 
the  navigable  routes  of  France,  and  of  the  numerous  maritime  ports 
which  serve  for  its  traffic  by  sea  ;  nor  to  retrace  the  history  of  the  com- 
position of  the  system  and  of  the  installation  of  the  ports.  This  descrip- 
tion and  this  history  have  already  been  presented  in  numerous  and 
voluminous  works,  some  of  which  will  appear  at  the  exposition  con- 
nected with  the  International  Congress  of  Civil  Engineering.* 

It  appears  to  the  writer  that  it  would  be  interesting  to  bring  oiit 
the  lirincii^al  improvements  of  a  technical  or  economic  order  executed 
in  recent  years  upon  our  navigable  routes  and  ports  ;  to  give  at  least 
a  rapid  glance  at  all  of  them  ;  to  indicate  the  nature  and  the  cost  of 
these  improvements,  theii-  influence  uijon  the  development  of  traffic, 
the  new  facilities  of  all  sorts  assured  to  circulation,  and  the  reductions 
obtained  in  the  cost  of  ti'ansportation. 

This  i^rogTamme  adopted,  it  is  only  necessary  to  fix  the  beginning 
of  the  period  to  be  considered,  which  has  been  taken  at  the  year  1876. 
This  year  corresponds  in  France  to  a  marked  return  of  interest  in  navi- 
gation. It  is  from  this  year  that  a  certain  number  of  laws  date  which 
authorize  the  execution  of  important  works,  and  that  interest  increased 
in  the  following  years.  A  vast  programme  of  improvements  of  rivers, 
canals  and  jDorts  was  brought  forward  in  1878.  This  resulted  in 
1879  in  two  important  bills  (July  29th,  for  maritime  ports;  Augu.st5th, 
for  navigable  routes j,  which  divided  water-ways  and  j)orts  into  several 
classes,  and  determined  for  each  the  technical  conditions  which  should 
be  followed. 

The  choice  of  the  year  1876  for  the  starting  jjoint  jjermits  the  con- 
sideration  of   a  jjeriod   of   16  years  which   terminates   at  the   begin- 

*  Guide  ofiBciel  de  la  Navigation  interieure.     ]892.    Baudrey  et  Cie.,  editeurs. 
Statistique  de  la  Navigation  interieure.     Eeleve  du  tonnage.    1892.    luipie.  Katale. 
Statistique  de  la  Ndvigation  interieure.    Depeuses  d'elablissement  et  d'eutretieu.    Docu- 
ments historiques  et  statistiques.     1892.     Impie.  Na*ale. 

Ports  maritimes  de  la  France.    Teste  et  Atlas.     Impie.  Satale. 
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uiug  of  tlio  year  18!)2.  The  lougtb  of  this  period  is  siifficieut  to 
include  the  necessary  delays  iu  the  preparation  and  execution  of 
projects,  and  one  can  at  least  ascertain  the  first  results.  The  enter- 
l^rises  begun  in  this  jjeriod  are  not  all  completed.  The  original  plans 
have,  in  fact,  been  modified  by  cutting  down  or  adding  to.  But  a 
considerabl(>  and  very  important  part  of  the  work  iu  progress  iu  1876, 
in  1879,  and  in  the  following  years  is  to-day  completed,  and  has  com- 
menced to  bear  fruit.  One  can  thus  study  the  results  of  the  effort, 
and  give  an  accoiTut  of  the  iutiueuce  of  the  works  undertaken  upon 
the  economic  conditions  of  the  regions  traversed. 

INTERIOE  NAVIGATION  WORKS. 

Section  I."-^GENEKAii  Statement. 

For  the  proper  understanding  of  the  explanations  which  are  to 
follow,  let  us  at  first  recall  how  the  network  formed  of  the  principal 
lines  is  made  up,  at  least  all  that  part  of  it  upon  which  the  work  of 
improvement  for  the  last  dozen  years  has  been  expended. 

The  lines  ui^on  w'hich  the  traffic  is  the  most  important  are  concen- 
trated in  the  regions  of  the  north,  of  the  center,  and  of  the  east.  The 
first  place  belongs  by  right  to  the  Seine,  which  flows  through  Paris,  the 
capital  of  the  country.  This  river  constitutes,  of  itself,  a  great  line 
of  navigation.  Down  stream  it  connects  Paris  with  the  sea,  at  the 
ports  of  Rouen  and  of  Havre.  Up  stream,  it  forms  as  far  as  Monte- 
reau  the  trunk  of  two  great  lines  leading  toward  the  basin  of  the 
Rhone  and  the  Saone.  One  of  these  lines,  jsassing  through  Burgundy, 
follows  the  Yonne  (85  km. )  as  far  as  La  Roche,  then  the  canal  of  Bur- 
gundy (242  km.),  and  joins  the  Saone  at  St.  Jean  de  Losne.  The  other, 
l^assing  through  Bourbonnais,  follows  the  canals  of  the  Loing  (50  km.) 
and  of  Briare  (59  km.),  the  canal  along  the  Loire  (193  km.),  the  canal 
of  the  center  (116  km.),  and  joins  the  Saone  at  Chalons-sixr-Saone. 

Below  Paris,  the  Seine  connects  with  the  system  of  navigable  water- 
ways of  the  region  of  the  north.  The  i:)rincii3al  branch  of  this  system 
includes  283  km.,  formed  of  the  Oise  canalized,  the  canal  by  the  side 
of  the  Oise,  the  canal  of  St.  Queutin,  of  a  part  of  the  Escaut  and  of 
a  i^art  of  the  canal  from  Mons  to  Conde.  It  is  prolonged  by  tAvo 
branches,  one  of  which,  very  important,  extends  toward  Charleroi 
and  is  formed  of  the  Sambre  and  of  the  canal  from  the  Sambre  to  the 
Oise  (125  km.),  while  the  other  extends  towards  Tournay  (15  km.). 
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From  tlie  principal  line  connecting  Paris  with  Belgium  there 
branch:  first,  the  canal  of  the  Somme  (156  km.),  starting  from  St. 
Simon,  on  the  canal  of  St.  Quentin,  to  connect  with  the  jjort  of  St. 
Valery,  in  Manche;  then  the  sjjecial  system  of  the  departments  of  the 
North  and  of  Pas-de-Calais,  the  numerous  branches  of  which  serve 
the  industrial  centers  of  this  region,  while  their  i^rincipal  extremities 
extend  to  the  Belgian  frontier,  and  to  the  j^orts  of  Dunkirk  and  Calais. 

Above  Paris,  the  Seine  is  connected  by  the  Marne  with  a  line  lead- 
ing to  the  eastern  frontier,  comi^rising  the  Marne  (179  km.),  the 
canal  along  the  Marne  (63  km.),  and  the  canal  from  the  Marne  to  the 
Rhine  (210  km.). 

In  the  east,  a  great  line  432  km.  long  extends  from  the  north  to 
the  south,  under  the  name  of  Canal  of  the  East.  It  starts  from 
Givet  (Belgian  frontier;  and  joins  the  Saone  at  Corre.  From  this  last 
line  one  can  follow  the  Saone,  which  receives  the  two  lines  from  Paris 
to  Lyons  by  Burgundy  and  Bourbonnais,  to  its  junction  at  Lyons,  a 
distance  of  374  km. ;  then  the  Rhone  from  Lyons  to  the  Mediterra- 
nean, 334  km.  In  order  to  comjilete  the  description  of  the  principal 
features  of  this  part  of  the  French  system,  there  should  be  men- 
tioned the  water-ways  joining  the  lines  from  Paris  to  the  Belgian 
frontier,  from  Paris  to  the  German  frontier,  and  the  Canal  of  the  East, 
These  are:  the  canal  of  Ardennes  (88  km.),  the  canal  along  the  Aisne 
(.51km.),  that  from  the  Aisne  to  the  Marne  (58  km.),  and  the  canal 
from  the  Oise  to  the  Aisne  (48  km.);  finally,  as  new  routes,  still 
incomplete,  the  canal  from  the  Marne  to  the  Saone,  which  will  be  153 
km.,  and  the  canal  from  theDoubs  to  the  Saone,  which  will  be  82  km. 

A  certain  number  of  secondary  lines  of  the  east  and  of  the  center 
are  omitted  from  this  enumeration.  The  rest  of  the  system  comprises, 
in  the  south,  the  lines  connecting  the  Mediterranean  with  the  ocean; 
in  the  soiithwest,  the  water-ways  of  the  basins  of  the  Garonne,  of  the 
Dordogue,  and  of  the  Adour;  in  the  west,  the  water-ways  of  the  basins 
of  the  Charente  and  of  the  Sevre;  in  the  northwest,  the  canals  of  Brit- 
tany, and  a  certain  number  of  water-ways  in  secondary  basins  of  little 
importance.  Upon  these  last  lines,  and  except  the  work  executed 
at  the  mouths  of  our  large  rivers,  there  has  been,  from  1876  to  1892, 
no  work  of  transformation  of  suflficient  importance  to  receive  a  place 
in  the  present  study.  The  actual  length  of  the  water-ways  in  habitual 
use  in  the  French  system  is  a  total  of  12  327  km.,  viz.:  rivers,  7  522 
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km. ;  canals,  -iHOo  km.  Nearly  all  of  these  routes  are  administered  by 
the  State;  those  operated  privately  include  a  length  of  only  858  km. 

After  the  few  years  of  rest  which  followed  the  Avar  of  1870,  France 
undertook  the  work  of  developing  its  routes  of  transjjortation.  Dur- 
ing the  20  years  preceding,  the  railroads  had  been  in  almost  exclusive 
favor,  to  the  detriment  of  the  water-ways.  Since  1871,  the  services 
which  rivers  and  canals  would  be  able  to  render  have  been  better 
understood,  and  the  work  of  completing  and  perfecting  the  system  of 
water-ways  has  been  resolutely  undertaken. 

The  first  works  which  were  organized  wei'e  those  for  the  establish- 
ment of  the  Canal  of  the  East,  and  for  the  canalization  of  the  Saoue, 
prescribed  by  two  laws  of  March  24th,  1874;  a  considerable  work 
designed  to  re-establish  the  continuity  of  the  lines  intercepted  by  the 
new  frontier,  and  which  was  only  completed  in  1887.  The  first  of  these 
cost  over  100  OOOjOOO  francs.  Construction  work  was  soon  after  begim 
upon  the  Saone  on  a  dam  at  Mulatiere  in  the  Lyons  slack-water 
level  (Decree  of  March  12th,  1875),  and  in  the  north,  the  improvement 
of  the  routes  in  the  valley  of  the  Aa  was  begun,  in  order  to  secure  a 
depth  of  2  m.  Studies  were  pursued  at  the  same  time  at  other  points, 
which  resulted,  in  1876,  in  the  presentation  to  Parliament  of  several 
im^jortant  projects.  Let  us  mention  the  principal  ones,  in  the  order  of 
the  dates  of  the  votes  on  the  laws  which  resulted: 

Creation  of  a  dejith  of  3.20  m.  upon  the  Seine,  between  Paris  and 
Rouen  (law  of  April  6th,  1878) ; 

General  improvement  of  the  Ehune,  between  Lyons  and  the  sea 
(law  of  May  1.3th,  1878) ; 

Establishment  at  Paris  of  landing  places  {bas  ports)  and  quays  (law 
of  June  7th,  1878); 

Creation  of  depth  of  2  m.  upon  the  Seine,  from  Paris  to  Montereau 
(law  of  June  13th,  1878) ; 

Creation  of  a  depth  of  2  m.  upon  the  Yonne,  from  Montereau  to  La 
Roche  (law  of  June  13th,  1878) ; 

Improvement  of  the  canal  of  Burgundy,  having  for  its  object  an 
increase  of  the  depth  of  the  water,  the  lengthening  of  the  locks,  the 
raising  of  the  bridges,  increasing  the  water  siijiply,  etc.  (law  of  June 
13th,  1878). 

Having  arrived  at  this  jjoint  of  the  work  of  transformation,  the  dis- 
C3rning  public  believed  that  before  going  farther  it  would  be  profit- 
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able  to  so  modify  the  programme  of  the  work  to  be  done  as  to  include 
the  completion  of  the  system,  and,  above  all,  to  give  to  the  different 
lines  constructed  heterogeneously  during  the  preceding  period,  a  unity 
of  design  which  should  materially  increase  the  facilities  of  transporta- 
tion. The  programme  thus  modified  was  sanctioned  by  the  law  of 
August  5th,  1879.  It  had  for  its  object  the  improvement,  unification 
and  completion  of  the  system.  It  determined,  as  a  whole,  the  classifi- 
cation of  navigable  ways,  the  regime  to  which  they  should  be  submit- 
ted, as  well  as  the  technical  conditions  of  establishment.  It  divided 
them  into  two  classes,  principal  lines  and  secondary  lines.  The  first 
were  those  which  served  the  general  interests  of  the  country.  It  was 
stipulated  that  they  should  be  administered  exclusively  by  the  State. 
The  others,  of  less  importance,  could  be  conceded  for  a  limited  time, 
with  or  without  subsidies,  to  public  societies,  to  associations,  or  to 
individuals. 

The  law  fixed  the  dimensions  of  all  the  principal  hues  as  follows  : 
Depth  of  water,  2  m. ;  width  of  locks,  5.20  m.;  length  of  locks 
measured  between  the  chord  of  the  lift-wall  and  the  hollow  quoins  of 
the  tail  gates,  38.50  m. ;  clear  height  under  bridges,  3.70  m.  These 
dimensions  are  necessary  over  the  entire  territory,  in  order  to  insure 
the  cii-culation  of  boats  of  300  tons,  of  the  type  most  common  in 
France,  that  of  the  Flemish  canal-boat.  But  these  are  only  minima, 
and  the  law  has  placed  no  obstacle  in  the  way  of  the  adoption  of 
larger  dimensions,  esjiecially  upon  rivers  and  streams  where  boats  can 
be  used  particularly  appropriate  to  river  na\*igation. 

As  to  secondary  lines,  they  have  not  been  subjected  to  these  rules  ; 
but  in  practice,  it  is  sought  to  have  them  conform  to  them  as  far  as 
possible,  though  it  is  not  imjierative. 

The  law  contained  the  nomenclature  of  navigable  ways,  which  de- 
termined the  character  of  i:)rincipal  lines,  and  established  the  princi- 
l^le  upon  which  the  few  concessions  of  these  lines  still  existing  should 
be  extinguished.  Such  is  the  general  character  of  the  law  of  August 
5th,  1879,  which  has  given  a  strong  imjDulse  to  interior  navigation 
works,  by  directing  them  toward  a  definite  end. 

From  1876  to  1892  the  labor  of  completion  and  of  unification  of 
the  system  was  definitely  carried  out  on  688  km.  of  new  water-ways  and 
3  969  km.  of  improved  water-ways,  or  omitting  the  water-ways  upon 
which  the  works  have  not  yet  been  completed,  and  from  the  estab- 
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lishmeut  or  improveineut  of  which  commerce  has  not  yet  been  bene- 
lited,  there  remains  625  km.  of  new  water-ways  and  3  326  km.  of  im- 
l)roveil  water-ways. 

Following  the  order  of  the  preceding  observations,  we  w'ill  now  re- 
view the  principal  results  which  have  been  developed,  taking  up  first 
the  technical  details  and  then  the  cost  and  traffic. 

Section  II. — TECHXifAij  Considekations. 
Chapter   1. — Consteuction  of  New^  Water- Ways. 
The  new  works  opened  or  undertaken  since  1876  are  the  following  : 

Kilometers. 

Canal  of  the  East,  and  branches 432 

Canal  of  the  Upper  Marne,  and  Yassy  branch 100 

Canal  from  the  Oise  to  the  Aisne 48 

Canal  from  Lens  to  the  Deule 8 

Tourcoing  Branch 2 

Canal  from  the  Marne  to  the  Saone  (under  constriic- 

tion) 1.53 

Canal  from  the  Doubs  to   the  Upper  Saone   (under 

construction ) 82 

The  works  of  the  Canal  of  the  East  and  those  of  the  Canal  of  the 
Upper  Marne  were  commenced  at  the  beginning  of  the  period  con- 
sidered in  this  study.  The  works  of  construction  of  the  other  canals 
were  only  begun  after  the  vote  of  the  programme  of  1879.  All  the  works 
comprised  in  the  jjreceding  list,  with  the  exception  of  the  canal  from 
the  Marne  to  the  Saone,  and  of  the  canal  from  the  Doubs  to  the  Saone, 
are  open  to  navigation. 

Canal,  of  the  East. — The  great  navigable  route  thus  designated  had 
been  conceived  previous  to  the  i^rogramme  of  1878,  and  was  decided 
upon  after  the  war  of  1870,  with  its  principal  object  the  re-establishment 
upon  French  territory  of  the  communications  intercepted  by  the  new 
frontier.  It  traverses  the  east  of  France  in  a  direction  from  north 
to  south  from  Givet,  where  it  forms  the  i)rolongation  of  the  Belgian 
Meuse  to  Corre,  and  there  joins  the  canalized  Saone.  It  thus  consti- 
tiites  a  water-way  as  direct  as  possible  between  the  basin  of  the  Meuse 
and  that  of  the  Rhone,  between  the  North  Sea  and  the  Mediterranean. 

It  is  made  ujj  of  two  i^rincipal  branches,  called  the  Northern  branch 
and  the  Southern  branch.  The  first  starts  at  Givet,  near  the  Belgian 
frontier,  and  ascends  the  vallev  of  the  Meuse,  sometimes  in  the  river, 


8  GUILLAIN  ON  NAVIGATION  WORKS  IN  FRANCE. 

sometimes  as  a  lateral  canal,  as  far  as  the  canal  from  the  Marne  to  the 
Khine  ;  its  length  is  272  km.  Thence  for  a  length  of  22  km.  it  coin- 
cides with  the  canal  from  the  Marne  to  the  Ehine,  previously  con- 
structed, and  passes  by  the  tunnel  of  Toug  from  the  valley  of  the 
Meuse  into  that  of  the  Moselle. 

At  Toul  the  southern  branch  begins  and  first  follows  the  canalized 
Moselle;  it  then  extends  by  canal  to  the  divide  and  crosses  the  summit 
of  the  Vosges  at  an  altitude  of  361  m.  above  the  level  of  the  sea.  Its 
length  is  147  km.  Two  branches,  one  of  10,  the  other  of  3,  km.  in 
length,  extend  to  the  cities  of  Nancy  and  of  Epinal  left  to  one  side  by 
the  main  line.  Its  total  length,  including  the  branches,  is  then  432  km. 
In  the  parts  in  the  river,  the  movable  dams  are  trestle  and 
needle  dams  of  the  Poiree  system.  Here  are  175  locks  having  the 
regulation  dimensions  fixed  by  the  law  of  1879.  Upon  the  north 
branch  the  water  supply  is  naturally  secured  by  a  feeder  direct  from 
the  Meuse.  In  the  part  from  the  Marne  to  the  Rhine  the  supply  is 
secured  by  powerful  hydraulic  engines,  which  are  ojDerated  by  the  falls 
of  the  dams  of  the  canalized  Moselle  above  Toul.  The  power  thus 
utilized  varies  according  to  the  stage  of  the  river,  from  400  to  600  H.  P. , 
and  the  height  of  lift  is  40  m.  The  water  is  forced  up  in  cast  conduits 
following  the  line  of  greatest  declivity  of  the  slope.  These  open  into 
channels  which  have  a  total  length  of  13  km.,  and  include  two  large 
cast-iron  siphons  and  a  tunnel.  On  account  of  the  jDermeability  of 
the  soil,  they  are  lined  with  concrete  for  a  part  of  the  distance. 

A  part  of  this  water  is  again  taken  at  Vacon  and  lifted  anew  by  a 
steam  pump  to  a  height  of  40  m. ,  for  the  sjiecial  supply  of  the  summit 
level  of  the  canal  from  the  Marne  to  the  Rhine.  It  reaches  this  level 
by  a  channel  8  km.  in  length,  7  km.  of  which  are  in  an  open  masonry 
channel,  and  900  m.  in  a  siphon  of  cast-iron  pipe.  The  volume  of 
water  raised  yearly  by  the  first  group  of  engines  is,  on  an  average, 
5  000  000  cu.  m.,  and  of  the  second,  3  000  000  cu.  m. 

The  summit  level  of  the  south  branch  and  the  two  levels  next  the 
summit,  one  each  side,  take  their  water  from  a  reservoir  constructed 
at  Bouzey,  which  has  a  capacity  of  5  000  000  cu.  m.,  and  is  filled  by 
the  rainfall  on  its  drainage  area  and  by  a  feeder  42  km.  long  from 
the  Moselle  at  Remiremont. 

As  to  the  Nancy  branch,  which  constitutes  by  itself  a  small  canal  at 
the  junction  of  the  Moselle  and  Meurthe,  it  is  su^jplied  exclusively  by 
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means  of  hydraulic  engines,  wliieh  are  worked  by  tlie  comhined  fall  of 
two  locks,  and  which  pump  the  water  of  the  Moselle  to  the  summit 
level.     The  same  engines  stii^ply  the  city  of  Nancy. 

The  different  machines  constructed  for  the  water  sui)ply  of  the  Canal 
of  the  East  and  of  the  canal  from  the  Marne  to  the  Rhine  have  worked 
for  several  years  with  jaerfect  regularity,  and  they  must  be  regarded 
as  the  newest  and  most  original  features,  while  at  the  same  time  they 
have  been  the  most  successful  of  any  on  this  entire  work. 

The  total  cost  of  the  canal  reached  in  round  numbers  100  000  000 
francs.  The  labor  lasted  eight  years,  from  1874  to  1882.  This  con- 
siderable work  was  designed  and  carried  to  its  completion  by  the  late 
M.  rinspecteur-General  des  Fonts  et  Chaussees,  Frecot,  whose  name 
remains  inseparable  from  that  of  the  Canal  of  the  East. 

Canal  from  the  Oiseto  the  Aisne. — This  canal  was  included  in  the  pro- 
gramme of  1879.  It  branches  from  the  canal  along  the  Oise  near  Chauny, 
ascends  the  valley  of  the  Ailette,  an  affluent  of  the  Oise,  crosses  the 
ridge  separating  the  basins  of  the  Oise  and  Aisne  by  the  aid  of  a  tun- 
nel 2  365  m.  long,  and  joins  the  canal  along  the  Aisne  near  the  lock  of 
Bourg,  by  way  of  the  valley  of  Braye-en-Laomois.  Its  length  is  48  km. 
Its  object  is  to  imi3rove  the  water  communications  between  the  north 
and  the  east  of  France  ;  it  effects  a  saving  in  distance  of  58  km.  over 
the  old  routes,  and  does  away  with  60  km.  of  j^recarious  river  naviga- 
tion, and  thus  assures  economy  and  regularity  in  transportation  in  one 
of  the  directions  of  most  importance. 

There  are  13  locks.  The  supply  of  the  summit  level,  and  of  its  two 
levels  down  to  the  first  feeders,  as  upon  the  Canal  of  the  East,  is  In- 
means  of  powerful  hydraulic  engines.  These  are  tiirbines,  which  pump 
the  water  to  a  height  of  16  m.,  worked  by  water  from  a  feeder  estab- 
lished in  the  Aisne,  and  which  embody  all  the  improvements  that 
have  been  brought  out  during  the  last  25  years  in  this  sort  of  construc- 
tion. This  method  of  supply  is  supplemented  by  a  small  reservoir  of 
a  capacity  of  1  000  000  cu.  m.,  designed  to  help  in  tilling  the  canal  after 
it  has  been  emptied,  or  to  aid  in  the  different  contingencies  which  may 
arise  during  operation. 

The  tunnel  of  Braye,  by  which  the  canal  crosses  the  ridge,  pre- 
sented exceijtional  difficulties  in  its  execution.  It  is  driven  entirely 
through  the  lower  strata  of  the  Suessonien,  but,  at  the  entrance,  on 
the  slope  of  the  Oise,  the  beds  of  clay  form  a  pocket  with  the  bottom 
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about  300  in.  from  the  entrance.  At  this  point,  the  accumulated  water 
brought  with  it  tine  sand  which  covered  the  clay  and  rendered  all  work 
in  the  oiien  air  impossible.  In  order  to  overcome  this,  it  was  necessary 
to  make  use  of  comj^ressed  air;  but  then  other  difficulties  arose.  The 
compressed  air  induced  the  combustion  of  the  lignite  which  was  mixed 
with  the  clay  and  caused  grave  accidents,  one  of  which  cost  the  lives 
of  17  workmen.  Thanks  to  the  opening  of  a  vertical  shaft,  and  to 
energetic  means  of  ventilation,  they  were  able  to  continue  and  com- 
plete the  work  in  the  midst  of  the  double  danger  of  fire  and  flood. 
The  expense  per  linear  meter  in  the  jjart  constructed  in  compressed 
air  has  reached  6  720  francs.  The  canal  w-as  opened  to  navigation  in 
1890,  and  its  tonnage  rose  in  the  very  first  year  to  1  100  000  tons.* 
Its  total  cost  of  construction  was,  in  round  numbers,  35  000  000  francs. 

Canal  of  the  Upper  Morn e  and  from  Oie  Marne  to  the  Same. — Under 
difierent  names,  these  two  canals  constitute  only  a  single  navigable 
route,  designed  to  put  the  industrial  regions  of  the  north  in  communi- 
cation with  the  basin  of  the  Ehone  by  a  more  direct  line  than  that 
which  connects  them  to-day.  The  first  part,  77  km.  long,  ascends  the 
valley  of  the  Marne  alongside  of  the  river  from  Vitry-le-Frangois  to 
Rouvroy.  It  w  as  under  construction  from  1865  to  1879,  and  was  put 
in  complete  operation  in  1880.  It  is  sujJi^lied  by  feeders  from  the 
Marne,  and  contains  33  locks.     The  cost  exceeded  17  000  000  francs. 

The  second  part,  which  has  received  the  name  of  canal  from  the 
Marne  to  the  Saone,  forms  a  i^rolongation  of  the  preceding.  It  starts 
at  Kouvroy,  the  extremity  of  the  canal  of  the  Upjier  Marne,  and  con- 
tinues to  ascend  the  valley  of  the  Marne  as  far  as  Langres;  it  then 
crosses,  near  this  city,  the  ridge  separating  the  basins  of  the  Marne 
and  Saone  by  a  tunnel  4  825  m.  long,  and  descends  by  the  valley  of  the 
Vingeanne  to  its  confluence  with  the  Saone  near  Pontailler.  Its  total 
length  is  1.53  km.  The  Avorks,  undei-taken  in  1879,  are  fully  under 
way;  the  summit  level,  including  the  tunnel,  is  finished,  but  its  ad- 
jacent levels  still  present  two  gajis  of  a  total  length  of  55  km. 

This  canal  comprises  numerous  structures,  among  which  may  be 
mentioned  several  aqueducts  across  the  Marne,  and  the  gi-eat  tunnel 
thi'ough  the  ridge,  one  of  the  most  important  which  has  been  con- 
structed for  the  passage  of  a  navigable  water-way.  The  gi-ade  is  over- 
come upon  the  slojje  towards  the  Marne  by  40  locks;  and  was  to  have 

*  The  ton  used  throughout  this  paper  is  the  French  tmine  of  1 000  kg.,  or  2  201  lbs. — Trans. 
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beeu  overcome  ui)ou  that  towards  the  Saune  by  44:  locks  and  2  eleva- 
tors; l>ut  locks  with  high  lifts  in  construction  were  substituted  for 
these  latter. 

The  siai)ply  is  assured,  in  the  lower  portion  of  the  canal,  by  feeders 
from  the  Marne  and  the  Yingeanne,  and  in  the  upper  part  by  four  re- 
servoirs, capable  of  imisounding  -45  000  000  cu.  m.  Two  of  these  reser- 
voirs, that  of  Liez  and  that  of  Mouche,  have  been  constructed.  The 
tirst  has  an  available  capacity  of  1-5  400  000  eix.  m.  Its  embankment  of 
earth  has  a  maximum  height  of  14.4  m.,  and  has  been  constructed 
according  to  the  iisual  French  method,  by  means  of  a  homogeneous 
puddle  core,  formed  of  a  mixture  of  sand  and  clay,  and  thoroughly 
comi^ressed  by  a  steam-roller. 

The  second  reservoir  has  a  capacity  of  only  8  700  000  cu.  m. ;  but 
the  height  of  the  walls  reaches  22.50  m.  above  the  bottom  sluice  gates, 
and  the  dam  is  of  masonry.  It  has  been  constructed  according  to  the 
profile  ajjproved  in  France  by  the  examples  of  the  large  reservoirs  of 
Furens,  of  Ternay,  of  Ban,  of  Chartrain,  that  is  to  say,  starting  with 
vei'tical  faces,  and  changing  to  a  light  batter  on  the  up-stream  side,  and 
a  strongly  inclined  curved  face  on  the  down-stream  side,  so  as  to  offer 
the  necessary  resistance  at  the  base,  and  in  each  of  the  horizontal  or 
obliiiue  sections.  The  thickness  was  determined  by  the  methods  of 
MM.  Delocre  and  Bouvier,  with  the  modifications  which  have  been 
added  since  by  M.  Guillemaiu.  The  top  of  the  wall  carries  a  road 
sujjported  by  arches  projecting  on  the  lower  face;  this  happy  arrange- 
ment gives  it  a  decidedly  architectural  appearance. 

The  total  cost  of  the  works  on  the  canal  from  the  Marne  to  the 
Haone  is  estimated  at  80  000  000  francs,  of  which  about  55  000  000  francs 
have  already  been  exjiended. 

Canal  from  St.  Dizier  to  Vusstj. — This  canal  connects  with  that  of 
the  Ui^jjer  Marne,  but  is  only  a  branch  designed  to  serve  the  smelting 
establishments  of  the  valley  of  the  Blaise.  Its  length  is  23  km. ;  it  was 
constructed  between  1880  and  1883,  and  is  to-day  in  full  opei'atiou.  It 
is  Rujii^lied  by  the  waters  of  the  Blaise  and  by  a  small  reservoir  of 
2  000  000  cu.  m.  capacity.  Classed  with  the  secondary  canals,  it  has 
been  let  to  a  comiJany  which  carries  it  on  by  means  of  a  toll.  The  ex- 
pense of  5  200  000  francs  has  been  met,  two-thirds  by  the  State  and 
one-third  by  the  company  to  which  it  was  conceded. 

Canal  from  Montbeliard  to  the  Upper  Saone. — The  last-built  navigable 
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water-way  to  be  mentioned  is  the  canal  from  Montbeliard  to  the  tipper 
Saone,  which  will  complete,  with  the  Canal  of  the  east,  the  restoration 
ui^on  French  soil  of  the  communication  intercepted  by  the  new  frontier, 
and  serve,  besides,  the  coal  mines  of  Ronchamps. 

Like  all  the  iJi'eceding,  with  the  excejition  of  the  Vassy  canal,  it  is 
classed  with  the  jirinciiial  lines  which  the  State  constructed  on  the 
strength  of  its  budget,  and  which  it  should  itself  administer.  The 
works  are  much  less  advanced  and  have  been  earned  on  exclusively 
up  to  date  u^jon  the  summit  level,  by  means  of  which  this  canal  will 
cross  the  ridge  separating  the  basins  of  the  Doubs  and  of  the  Saone, 
and  upon  the  large  sujjply  reservoir  with  a  masonry  dam,  situated 
in  the  neighborhood  of  this  level.  Under  this  head  the  expenses 
have  already  risen  to  10  000  000  francs. 

Chapter  2. — Ijipko\'ement  or  Existing  Watee-Ways. 

The  preceding  description  shows  the  importance  of  the  Avorks 
in  in'ogress  since  1868,  which  are  required  to  fill  up  the  gaps 
that  the  system  of  navigable  ways  in  France  still  presents.  All  the 
lines  recently  constructed  corresjjond,  moreover,  in  their  technical 
requirements,  to  the  regulations  prescribed  by  the  law  of  August  5th, 
1879.  But  by  far  the  greatest  part  of  the  task  accomplished  since 
that  date  has  consisted  in  the  improvement  of  existing  routes.  Their 
depths  have  been  increased  to  a  minimum  of  2  m.,  the  locks  have 
been  reconstructed,  j^lacing  the  width  at  5.20  m.  and  the  length  at 
38.50  m.,  and  the  sources  of  supply  liave  been  increased  to  satisfy  the 
new  requirements.  This  work  was  done  while  the  ways  were  in  full 
oi^eration,  at  the  same  time  reducing  as  much  as  possible  the  delays 
and  restrictions  to  navigation  caused  h\  the  work  in  progress. 

This  work  is  to-day  nearly  completed,  at  least  upon  the  principal 
lines.  It  has  brought  up  difficult  problems,  exercised  the  sagacity 
of  the  engineers,  and  imposed  expenses  greater  than  those  which  have 
been  contracted  in  the  same  i^eriod  in  the  construction  of  new  lines. 
The  length  of  navigable  ways  on  which  a  depth  of  2  m.  exists  at 
all  times  has  reached  4  787  km.  The  rivers  and  canals,  of  which 
the  locks  have  at  least  the  regulation  dimensions,  represent  a  total 
length  of  3  956  km.  Finally,  the  improved  routes  which  fulfill  the 
two  conditions  necessary  for  giving  passage  at  all  times  to  boats 
38.50  m.  long  and  drawing  1.80  m.,  include  a  length  of  4  014  km. 
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The  followiug  table  gives  the  situation  iu  187H  aucl  at  the  preseut 
time  : 

Total  length  of  navigable  water-ways  having  a  niinimnni  depth  of 
2  m.,  and  locks  of  38.50  x  5.20  m. 


RlVEBS. 

Canals. 

Total. 

Kilometers. 
996 
1  934 

Kilometers. 
163 
2  080 

Kilometers. 
1  459 

4  014 

938 

1  617 

2  555 

Important  results  have  followed  from  these  great  improvements. 
The  principal  lines  now  constitute,  in  their  entirety,  a  homogeneous 
system  upon  which  the  same  boat  can  go  from  one  extremity  to 
the  other  without  breaking  cargo,  whatever  may  be  the  nature  of 
the  route  over  which  it  passes,  the  altitude  which  it  reaches  in  passing 
from  one  basin  to  another,  or  the  climatic  conditions  of  the  regions. 

Undoubtedly  ice,  river  floods,  and  inclement  weather  will  never 
l^ermit  of  attaining  the  same  regularity  as  upon  railroads.  Neverthe- 
less we  api^roach  it  as  closely  as  i>ossible;  we  give  to  the  navigable 
water-way  a  uniformity  which  was  lacking  to  it,  thus  facilitating 
transportation  by  water  to  great  distances,  and  allowing  the  system  to 
develop  under  the  most  favorable  and  economical  conditions. 

Stke.\ms  and  ErvEKS. 

The  Seine,  from  Paris  to  Rouen. — Upon  most  of  the  canalized  rivers 
it  has  been  possible  to  raise  existing  dams,  often,  indeed,  to  replace 
them  by  other  structures.  Those  of  the  Seine,  between  Paris  and 
Eouen,  should  be  placed  in  the  first  rank  of  such  works. 

In  vieAv  of  the  exceptional  importance  of  this  route  a  depth  of  2  m. 
has  not  been  considered  sufficient;  and  it  has  been  extended  to  3.20  m., 
in  order  to  assure  the  passage  of  boats  loaded  to  a  draft  of  3  m. 
This  work  is  now  completed ;  the  expense,  including  that  of  the  Paris 
slack- water  level,  has  reached  61  000  000  francs. 

The  natural  fall  of  25.50  m.  in  the  Seine,  between  the  locks  of  Port- 
a-l'Anglais,  above  Paris,  and  the  lowest  level  of  the  open  sea,  below 
the  lock  of  Martot,  near  Koueu,  a  distance  of  225  km.,  has  been  over- 
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come  by  nine  dams  with  locks.  Tliere  are  at  least  two  locks  at 
each  dam  ;  the  large  one  has  a  Avidth  at  the  entrance  and  exit  of 
11.80  m.,  with  an  available  length  of  at  least  151.80  m. ;  and  is 
designed  especially  for  convoys,  Avhich  it  can  receive  unbroken,  with 
their  towboats;  the  second,  of  smaller  dimensions,  is  designed  for 
single  boats.  The  Seine,  between  Paris  and  the  sea,  thus  allows  the 
passage  of  special  seagoing  vessels  having  the  smokestacks  and  masts 
so  arranged  that  they  can  be  lowered  for  passing  under  bridges.  It  is, 
moreover,  frequented  by  river  barges  having  a  net  tonnage  as  high  as 
1  000  tons,  independently  of  shallops  of  300  tons  which  navigate  it  in 
full  security. 

The  locks  of  Bougival,  which  serve  a  double  traffic,  that  from  Paris 
to  Rouen  by  the  Seme  and  to  Belgium  l)y  the  Oise,  pass  more  than 
3  000  000  tons  per  year.  They  are  provided  with  hydraulic  appara- 
tus, which  is  operated  by  the  fall  at  the  dam  of  Marly,  and  by  the 
aid  of  which  all  the  movements  are  made  by  hydraulic  jjressure. 

The  dams  contain  one  or  more  navigable  passages,  and  higher 
l^assages  or  weirs;  their  modes  of  construction  and  closing  vary  with 
the  locality.  Three  of  them  are  old  trestle  and  needle  dams;  the  other 
six  can  be  assigned  to  two  principal  types,  that  of  Suresnes  and  that 
of  Poses. 

The  dam  of  Siiresnes,  built  by  M.  Boule,  Insijector-General.  im- 
mediately below  Paris,  at  the  head  of  the  islands  of  Puteaux  and  of 
La  Folic,  is  composed  of  three  distinct  j^assages,  having  a  total  length 
of  197  m.  The  normal  fall  is  3.27  m.  What  characterizes  this  dam 
is  the  emj)loyment  of  trestles  copied  from  the  Poiree  system,  but  ex- 
tended to  a  height  which  had  never  been  attained  in  that  system;  their 
total  height  varies  from  4.14  to  6  m.  They  are  ojDerated  by  a  chain 
moved  by  means  of  a  fixed  winch  placed  ujion  the  abutment.  Two 
methods  have  been  adopted  for  closing  which  are  used  alternately,  the 
sliding  gates  of  M.  Boule  and  the  curtains  of  M.  Camere. 

The  Boule  gates  are  made  of  planks;  these  rest  vertically  one  above 
the  other,  and  are  supported  laterally  on  tAvo  adjoining  trestles.  The 
Camere  curtains  are  composed  of  a  series  of  horizontal  timbers  joined 
by  articulations  which  form  hinges.  They  are  supported  by  two  adja- 
cent trestles  and,  by  means  of  a  chain,  are  held  and  rolled  up  like  an 
awning  when  one  wishes  to  let  the  Avater  take  its  natural  course. 

Gates,  or  curtains,  replace  the  needles  of  the  primitive  PoLree  sys- 
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torn;  the  operation  is  by  menus  of  a  Aviudlass  wliii-li  rolls  aloug  the 
service  bridge.  They  thus  obtain  solidity,  freedom  from  leakage  and 
facility  of  operation,  Avhile  the  height  of  water  in  the  Paris  slack-water 
level  can  be  regulated  with  great  precision.  This  great  dam  has 
worked  for  several  years  with  perfect  regularity,  aud  the  expense  has 
l)een  about  10  370  francs  per  running  meter. 

At  Poses  the  tall  exceeds  that  of  Suresnes;  it  is  i.l4  m..  which  is 
greater  than  had  been  overcome  by  means  of  a  movable  dam.  It  is 
dangerous  to  depend  upon  parts  constantly  submerged  to  so  great  a 
depth.  The  work  was  designed  by  M.  Camere,  Engineer-in-Chief,  on 
a  new  system,  which  was  originated  by  the  late  M.  Taveruier  for  the 
Rhone;  but  the  first  application  of  it  was  made  ujjon  the  Seine. 

The  dam  of  Poses  has  a  total  length  of  235  m.,  divided  into  seven 
parts  of  greater  or  less  depth,  each  having  a  length  of  30  m.  The 
piers  which  separate  them  support  a  fixed  bridge  j)laced  at  a  height 
sufiicient,  when  the  dam  is  oj)en,  for  the  free  jjassage  of  the  largest 
floods,  as  well  as  the  boats. 

At  the  lower  part  of  this  bridge,  on  the  down-stream  side,  long 
wrought-iron  beams  are  hinged,  which  hang  down  to  the  sill  aud  rest 
against  a  projection  on  it.  These  beams  thus  sui>ported  at  both  ends 
replace  the  trestles  and  receive  the  articulated  curtains  which  close 
the  passage.  For  the  free  passage  of  water  the  curtains  are  rolled  up; 
then  the  beams  under  the  bridge  are  raised  by  means  of  a  windlass, 
and  the  river  is  absolutely  free,  while  the  working  parts  fixed  to  the 
service  bridge  above,  which  is  more  than  4:  m.  above  the  highest 
water,  can  be  easily  maintained  and  repaired. 

Like  the  preceding,  this  dam  has  ])een  in  service  for  several 
years.  The  cost,  including  the  foundations,  which  had  to  l)e  carried 
to  a  great  depth  by  the  use  of  compressed  air,  reached  l(j  .jl5  francs 
per  linear  meter. 

These  two  fine  works,  all  the  details  of  which  were  studied  with 
scrupulous  care,  already  serve  as  models  for  foreigners;  they  mark  a 
new  era  in  the  canalization  of  rivers,  and  maintain  the  rank  assigned  to 
our  engineers  in  this  essentially  French  work  of  the  construction  of 
movable  dams. 

The  Sad  lie. — The  Saone  and  the  Rhone  constitiite  together  one  of  our 

great  fluvifll  arteries.     The  Saone  is  entirely  canalized  for  a  length  of 

^       374  km.     In  the  upper  part  of  its  course  it  is  connected  by  the  Canal  of 
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the  East  T\ith  the  system  of  navigable  ways  in  the  north  and  east  of 
France.  Fixed  and  movable  dams  on  the  Poiree  system  assure  it  a 
dejath  of  2.20  m.  The  locks  above  Gray  have  the  normal  dimensions 
fixed  by  the  law  of  1879,  and  from  Gray  to  Verdun-sur-Saone,  slightly 
larger  dimensions. 

In  the  lower  part,  below  Verdun,  the  system  is  different;  naviga- 
tion is  canied  on  by  large  convoys,  and  the  locks,  160  m.  long  by  16  m. 
wide,  allow  of  taking  in  a  complete  tow.  The  dams,  six  in  number, 
including  that  of  La  Mulatiere  at  Lyons,  are  formed  of  a  navigable 
pass  with  Chanoine  wickets,  and  of  a  weir  with  Poiree  trestles.  The 
minimum  depth  is  2  m. ,  but  the  effective  depth  is  generally  greater. 

Although  finished  since  1878,  the  works  of  the  Saone  were  for  the 
greater  i:)art  constructed  before  that  date.  Among  those  of  most  recent 
execution  there  may  be  noted  the  dam  of  La  Mulatiere,  built  at 
Lyons  by  M.  Pasqueau,  Engineer-in-Chief,  at  the  confluence  of  the 
Rhone  and  the  Saone,  on  a  system  slightly  different  from  that  of  the 
Chanoine  dam.  It  is  located  at  a  pass  which  is,  at  the  same  time,  broad 
and  deep,  where  the  use  of  the  trip-bar  was  hardly  practicable,  and 
where  special  difficulties  occurred  from  the  nearness  of  the  Rhone.  M. 
Pasqueau  has  done  away  with  this  delicate  part,  and  assured  the  man- 
oeuvre by  means  of  a  heurter,  or  supi^orting-block,  with  two  notches. 

To  lower  the  dam  in  this  new  system  it  is  only  necessary  to 
draw  the  breech  chain  until  the  prop  comes  to  the  second  notch.  The 
vertical  plane  oblique  to  the  axis,  which  is  formed  by  the  lateral  face  of 
this  notch,  causes  the  prop  to  fall  into  the  groove,  and  the  wicket,  held 
by  its  chain,  comes  gently  to  rest  upon  the  platform.  This  modifica- 
tion secures,  besides  the  suppression  of  a  part  sometimes  difficult  to 
control,  the  iDossibility  of  closing  jmssages  of  a  great  width  by  Chanoine 
wickets,  without  which  the  opening  would  be  limited  by  the  length  of 
the  trip-bar.  It  is  thus  that  the  passage  of  La  Mulatiere,  103.6  m., 
could  be  closed. 

This  valuable  advantage,  joined  to  the  facility  of  working  of 
the  Chanoine  wickets,  has  induced  Colonel  Merrill,  of  the  U.  S. 
Engineers,  to  adopt  this  system  in  preference  to  all  others  upon  the 
Ohio,  where  its  use  has  been  greatly  extended  in  recent  years.  The 
scale  is  considerably  enlarged,  having  regard  to  the  dimensions  of 
the  American  river;  but  the  system  is  that  of  the  Chanoine-Pasqueau 
dam,  the  first  application  of  which  was  made  at  La  Mulatiere. 
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The  Rhone. — The  Rhone,  whose  excessive  slope  rendered  its  canali- 
zation difficiilt  if  not  impracticable,  offers  the  single  example  in  France 
of  the  unobstructed  improvement  of  a  large  river  above  its  maritime 
portion.  The  regularization  has  been  obtained  by  M.  Jacquet,  Inspec- 
tor-General, and  M.  Girardon,  Engineer-in-Chief,  by  means  of  longi- 
tiidiual  dykes  of  rip-rap,  of  spurs  connecting  them  with  the  banks,  and 
of  dykes  completely  sulimerged,  which,  crossing  the  river  in  the  deep 
places,  correct  the  irregularities  of  the  bottom  and  fix  the  depth  of  the 
channel.  The  cost  has  exceeded  40  000  000  francs.  These  works,  with- 
out a  single  dam  upon  the  Rhone,  have  been  the  means  of  giving  a 
draft  of  1.60  m.  during  345  days  of  the  year,  on  290  of  which  a  draft  of 
2.00  m.  was  available,  of  increasing  the  capacity  of  the  boats  by  24%, 
and  have  also  enabled  them  to  navigate  with  greater  ease  and  without 
other  means  of  traction  than  their  own  engines. 

Navigable  Canai-s. 

Reconstruction  of  Locks;  Elevator  of  Fontlnettes. — Upon  the  canals 
the  carrying  out  of  the  programme  of  1879  has  involved  the  recon- 
struction or  enlargement  of  a  considerable  number  of  locks.  The 
diflficiTlty  of  carrying  out  this  operation  with  the  flights  of  locks  on 
certain  canals,  and  the  oj^port unity  thus  presented  of  eliminating 
them,  wholly  or  in  part,  have  conspired  to  the  construction  of  works 
designed  to  overcome  greater  lifts  than  in  the  past. 

One  of  tlie  most  important  of  these  works  is  the  elevator  of 
Fontinettes  upon  the  canal  of  Neuffosse.  Proposed  at  first  by  M. 
Beriin,  Inspector-General,  it  was  subsequently  studied  and  executed 
by  M.  Gruson,  Engineer-in-Chief.  The  elevator  replaces  five  locks, 
which  overcame  an  elevation  of  13.13  m.  It  was  copied  from  that 
already  in  use  in  England  at  Anderton.  for  small  boats  with  loads 
of  not  over  80  to  100  tons,  while  that  of  Fontinettes  receives  boats  of 
300  tons.  Reduced  to  its  essential  parts,  it  is  composed  of  two 
caissons  or  metallic  troughs,  filled  with  water,  in  which  the  boats 
float.  Each  trough  is  fixed  upon  the  top  of  a  single  piston,  which 
works  in  the  cylinder  of  a  hydraulic  press,  installed  at  the  center  of  a 
shaft.  The  two  presses  communicate  by  means  of  a  conduit  furnished 
with  a  valve  in  order  to  isolate  them  at  will.  At  the  bottom  and  to]) 
of  their  course  the  troughs  can  be  connected  with  the  lower  level  or 
the  upper  level  of  the  canal  as  the  case  may  be.     Large  gates,  with 
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which  the  troughs  and  the  levels  are  supplied  at  their  extremities, 
permit  of  establishing  or  intercepting  this  communication.  Three 
square  towers  built  of  masonry  carry  guides  which  direct  the  moving 
troughs  in  their  course. 

The  machinery  comprises  two  turbines  run  by  water  from  the 
upper  level  ;  one  of  them  serves  to  charge  an  accumulator  of  1  200 
liters  capacity  ;  the  other  drives  an  air  compressor.  The  hydraulic 
l^resses,  which  constitute  the  most  important  part  of  this  system,  are 
15.68  m.  high  and  2.08  m.  interior  diameter.  They  are  composed  of 
steel  rings  superposed  each  0.155m.  high  and  0.06m.  thick;  a  con- 
tinuous lining  of  cojjper  3  mm.  thick  insures  tightness. 

The  elevator  was  put  in  service  in  April,  1888.  The  time  required 
to  pass  tAVO  boats,  the  one  ascending,  the  other  descending,  is,  on  an 
average,  26  minutes.  The  total  weight  to  be  raised  reaches  almost  800 
tons.     The  cost  has  reached  1  870  000  francs. 

In  the  same  line  several  French  engineers,  notably  MM.  Peslin  and 
riamant,  have  studied  projects  with  inclined  planes  designed  for  boats 
of  300  tons.  These  projects  present  ingenious  arrangements,  but  none 
of  them  have  yet  been  j^ut  in  execution. 

Locka  of  High  Lift;  Canal  of  the  Center. — In  the  different  appli- 
cations of  mechanics  to  the  elevation  of  boats  by  the  vertical 
elevators,  or  inclined  planes,  the  art  of  construction  has  reached, 
if,  indeed,  it  has  not  passed,  the  prudent  limits  of  the  resistance 
of  materials.  Struck  with  this  danger,  other  engineers  have  sought 
to  resolve  the  same  problem  in  a  simpler  and  more  practical  manner 
by  the  employment  of  locks  with  high  lifts.  This  solution  is  the 
one  which  has  been  adopted  upon  the  Canal  of  the  Center.  The 
new  locks  of  this  canal  have  a  lift  of  5.20  m. ;  they  have  been  justi- 
fied by  the  same  wants  and  have  responded  to  the  same  necessities; 
they  replace  locks  of  less  than  half  the  lift,  of  which  the  surround- 
ings did  not  permit  the  lengthening,  and  where  it  has  been  desirable  to 
reduce  the  number  in  order  to  facilitate  navigation. 

The  filling  and  emi3tying  is  controlled  by  means  of  cylindrical 
gates,  the  fixed  part  of  which  is  built  into  the  masonry  of  the  side 
walls,  and  the  moA^ng  part,  operated  by  a  vertical  rod,  is  entirely 
supi^orted  by  the  fixed  cover.  The  movable  part  receives  only  press- 
ures which  are  in  equilibrium,  and  consequently  is  operated  with  the 
same  facility  whatever  may  be  the  height  of  the  lift.     Water  intro- 
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tliiceil  for  tilling  by  the  heaJ  valves  is  distributed  b_v  lateral  passages 
throughout  the  whole  extent  of  the  chamber,  to  wliieli  the  dejitli 
of  2.60  m.  has  been  given  for  a  normal  draft  of  2  m.  In  emptying, 
the  movement  is  reversed  by  the  tail  valves.  By  this  method,  the 
filling  or  emptying  is  done  in  3  minutes  and  15  seconds.  The  velocity 
of  ascent  or  descent  of  boats  iu  the  chamber  is  1.62  m.  jjer  minute  ;  it 
is  accomplished  with  very  little  agitation  and  without  the  least  danger 
to  the  boat.  The  gates  are  closed  by  two  abutting  leaves  protected 
by  iron  and  galvanized  steel.     The  cost  per  lock  was  120  000  francs. 

This  elegant  solution  is  due  to  M.  Fontaine,  Engineer-iu-Chief  and 
his  skillful  co-laborers.  There  is  no  doubt  that  it  is  siTsceptible  of 
numerous  applications;  one  application  has  been  realized  quite  recently 
npon  the  Canal  St.  Denis. 

New  Locks  of  the  Canal  SL  Deuis. — This  canal,  which  connects  the 
port  of  Villette,  the  most  important  of  Paris,  with  the  Seine,  has  jiist 
been  completely  transformed.  At  the  same  time  its  dej^th  was  in- 
creased, like  that  of  the  Seine,  to  3.20  m.,  and  all  the  locks  have  been 
rebuilt.  The  new  locks  contain  two  chambers,  the  one  of  regulation 
type  for  canal-boats,  the  other  of  larger  size  for  those  of  the  Seine. 
They  are  provided  with  cylindrical  valves  of  the  same  system  as  those 
upon  the  Canal  of  the  Center.  The  gates  are  composed  of  a  single  leaf, 
a  metallic  body,  with  a  wooden  edge,  turning  around  a  vertical  axis. 
They  are  operated  by  a  little  turbine  run  by  the  fall  of  the  locks. 
When  they  are  open,  they  drop  back  into  a  recess  in  the  wall  which 
separates  the  two  chambers.  This  wall  contains  the  jsassages  for  till- 
ing and  emptying  the  chambers,  the  turbine,  the  Avater  pipes,  and  all 
the  ajiparatus  for  working;  all  the  equipment  is  concentrated  here,  and 
the  outside  walls  remain  free  for  circulation. 

As  ujjon  the  Canal  of  the  Center,  advantage  has  been  taken  of  the 
reconstruction  of  the  locks,  to  diminish  their  number,  by  aiigmentiug 
their  lift.  But  they  have  gone  farther  in  this  direction  and  have  given 
to  one  of  them  a  lift  of  10  m.  This  exceptional  lift  requirod  some 
special  precautions.  In  the  ordinary  system,  the  tail  gates  would  have 
attained  an  excessive  height,  which  would  have  rendered  their  constriic- 
tion  difficult  and  their  movement  very  laborious.  In  order  to  reduce 
this  height,  a  masonry  shield  was  constructed  at  the  lower  end  of  the 
lock  which  unites  the  two  side  walls,  for  the  sui)port  (when  closed)  of 
the  upper  edge  of  the  gate,  which  is  of  a  single  i)iece.     Below  this 
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shield  there  is  reserved  the  necessary  height  for  the  passage  of  boats, 
and  it  has  thus  been  possible  to  bring  the  dimensions  of  the  gate  to 
those  which  have  been  established  by  practice.  As  to  the  head  gate, 
its  height  was  determined  by  that  of  the  lock  wall. 

This  large  lock  is  also  provided  with  cylindrical  valves  for  filling 
and  emptying  the  chamber,  and  with  a  turbine  for  working  the  gates. 
There  is,  too,  an  equalizing  basin  designed  to  economize  the  water  used 
in  lockage.  Put  in  service  in  1892,  it  works  with  all  the  regularity 
desii'able. 

This  remarkable  work  was  designed  and  executed  by  M.  Humblot, 
Inspector-General  and  M.  Kenaud,  Engineer. 

These  examples  demonstrate  the  possibility  of  overcoming  by  locks 
lifts  Avhich  were  formerly  regarded  as  impossible.  This  simple 
economical  solution,  exempt  from  dangers,  permits  the  difficulties 
which  flights  of  locks  bring  to  navigation  to  be  overcome  without 
recourse  to  mechanical  appliances,  and  constitutes  the  most  recent  and 
important  progress  which  has  been  realized  by  French  engineers  in  the 
construction  of  canals. 

Increase  in  Depth. — The  jn-ogramme  of  1878  had  more  in  view  than 
the  u^niiication  of  the  type  of  locks.  According  to  the  law  of  August 
5th,  1879,  the  depth  which,  in  most  of  the  old  canals,  was  only  1.60 
m. ,  and  sometimes  less,  was  to  be  increased  to  2  m.,  in  all  those  which 
were  classed  as  principal  lines  of  navigation.  In  fact,  they  have  gen- 
erally been  given  a  depth  of  2.20  m.,  in  order  to  obtain  an  effective 
depth  of  2  m.,  in  spite  of  the  deposits  which  may  form  in  the  levels, 
or  the  inevitable  variations  of  the  water  level.  This  second  oi^eration 
has  not  been  less  laborious  than  the  preceding,  for  it  required  the 
general  raising  of  the  banks,  that  of  all  the  structures,  and  the  eleva- 
tion of  most  of  the  bridges. 

Aquedxct  of  Briare. — Among  the  new  works  designed  to  procure 
this  depth,  the  most  imjjortant  is  the  aqueduct  of  Briare  over  the  Loire. 

At  present  the  canals  which  constitute  the  great  line  of  navigation 
fi'om  Paris  to  Lyons,  by  way  of  Bourbonnais,  are  separated  by  the 
Lou'e,  the  crossing  of  which  is  made  at  the  level  of  the  river.  In  spite 
of  the  channels  and  imjirovements  constructed  a  long  time  ago,  during 
most  of  the  year  this  crossing  offers  a  totally  insufficient  depth;  more- 
over, it  is  not  free  from  danger  when  there  are  floods  in  the  river,  and 
it  cannot  then  be  considered  as  a  line  of  the  flrst  order. 
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It  has,  therefore,  l)een  decided  to  construct  an  aqueduct  2.20  ni.  in 
depth,  placed  above  the  highest  floods  of  the  Loire,  and  connected  on 
the  opposite  banks  of  the  river  with  the  existing  canals  by  branches, 
which  make  the  total  length  of  the  junction  level  19  km.  This  bridge, 
600  m.  long,  consists  of  15  spans  of  40  m.  each.  The  trunk  is  entirely 
metallic;  it  is  supported  by  two  straight  continuoirs  girders,  7.25  m. 
apart  in  the  clear,  connected  by  cross-bracing;  the  tow-paths  are  sup- 
ported by  outside  brackets.  The  whole  work  is  designed  to  be  built  of 
steel;  it  is  now  in  process  of  construction,  and  will  probably  be  finished 
next  year.  The  cost  is  estimated  at  3  000  000  francs,  and  it  Avill  be  in- 
creased by  the  apjiroaches  to  more  than  7  000  000  francs.  It  will  be 
one  of  the  most  imiJortant  aqueducts,  and  at  the  same  time  the  largest 
application  of  steel  to  this  kind  of  construction. 

Water  Supply. — These  different  improvements,  the  general  increase 
in  depth,  the  necessity  of  securing  regularity  of  transportation  daring 
the  dry  season,  and  the  development  of  traffic  have  required  a  very 
notable  increase  in  the  water  supply  upon  most  of  the  canals.  In  order 
to  attain  this  end,  various  methods  have  been  adoj^ted.  When  circum- 
stances permitted,  the  increased  supply  has  been  obtained  by  the  con- 
struction of  new  reservoirs. 

Among  such  works,  that  of  Torcy-Neuf,  designed  for  the  Canal  of 
the  Center,  merits  jjarticular  mention.  Its  area  is  166  hectares;  the 
maximum  height  of  the  bank  is  14.50  m.,  and  the  capacity  9  000  000 
cu.  m.  The  dam  is  formed  of  sandy  clay,  thoroughly  comjiressed  by 
a  500  km.  steam-roller,  and  faced  on  the  water  side  by  masonry  ar- 
ranged in  the  form  of  steps.  This  reservoir  presents  a  new  and  char- 
acteristic arrangement  in  its  intake  tower,  which  is  built  inside  the 
reservoir  at  the  foot  of  the  dam.  The  interior  of  the  tower  forms  a 
vertical  shaft  into  which  the  intake  valves,  three  in  number,  open  4.80 
m.  above  one  another.  This  shaft  also  receives  the  overflow  at  the  top, 
and  opens  at  the  bottom  into  a  waste  conduit,  which  passes  through 
the  dam.     The  tower  is  reached  by  a  little  metallic  footbridge. 

This  arrangement  avoids  the  danger  of  inftltration,  and  the  expense 
of  a  Avaste-Aveir  over  the  top  of  the  earth  dam;  the  dam  is  jjierced  only 
at  the  bottom  by  the  waste  conduit,  and  all  the  rest  forms  a  stable  and 
homogeneous  mass,  in  which  uo  masonry  is  interposed. 

The  cost  of  this  Avork  Avas  about  2  283  000  francs. 

In  cases  Avhero  the  pornioability  of  the  soil  or  local  circuiustancos 
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prevent  the  constructiou  of  a  reservoir,  water  lias  been  supplied  by 
poweriul  pnmi^s  from  a  neighboring  river,  lifting  it  to  the  canal. 
Several  large  plants  of  this  kind  for  newly  constructed  canals  have 
already  been  mentioned.  The  most  important  of  these,  the  two  groups 
of  machines  of  Toul  and  of  Vacon,  contribute  both  to  the  supply  of  the 
Canal  of  the  East,  recently  built,  and  to  that  of  an  older  water-way,  the 
canal  from  the  Marne  to  the  Rhine,  the  supply  of  which  had  become 
insufficient.     It  has  incurred  a  total  expense  of  2  884  000  francs. 

In  the  absence  of  reservoirs,  such  machines  offer  a  valuable  means 
of  supijlying  the  deficit.  For  the  same  object  it  is  often  desirable 
where  it  can  be  done,  to  reduce  the  leakage  of  canals.  The  method 
habitually  employed  in  doing  this  consists  in  the  use  of  a  concrete  re- 
vetment from  15  to  20  cm.  thick,  with  which  the  bottom  and  sides  of 
the  channel  are  covered.  Small  openings  furnished  with  valves  permit 
an  exterior  pressure  in  ojjijosition  to  the  pressure  of  the  water  in  the 
canal  when  necessary.  This  mode  of  tightening,  due  to  M.  Malezieux, 
Inspector-General,  is  already  old  and  established  by  long  practice. 
But  it  has  received  new  and  numerous  applications  in  the  last  few- 
years,  notably  iipon  the  canal  from  the  Marne  to  the  Rhine,  and  the 
other  canals  of  the  region  of  the  east. 

It  is  by  these  various  methods  that  we  have  become  able  to  fulfill 
the  new  reqtiii'ements  of  water  supply.  The  improvement  of  the 
supi^ly  has  required  long  and  careful  researches  and  difficult  construc- 
tions, and  it  is  not  exceeded,  either  in  cost  or  in  results  obtained,  by 
the  other  imi^rovements  of  which  it  constitutes  the  necessary  com- 
plement. 

Chapter  3. — Traction. 

In  France,  the  mode  of  traction  most  used  is  towage  by  horses; 
this  is  the  consequence  of  the  predominance  of  canals  in  the  network 
ol  navigable  ways  in  this  country.  While  continuing  the  employment 
of  horses,  the  system  upon  the  most  traveled  canals  of  the  north,  and 
upon  the  gi'eat  line  of  navigation  from  Belgium  to  Paris,  has  been 
improved  by  the  organization  of  regular  relays  established  by  the 
State  itself  by  virtue  of  a  decree  of  June  19th,  1875. 

Each  of  these  routes  is  divided  into  sections  of  12  to  18  km.,  and 
the  operation  of  each  section  is  let  for  six  years  to  a  contractor  by 
bidding.     The  towage  thus  organized  is  obligatory  on  all  loaded  boats, 
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as  well  on  the  asceut  as  on  the  descent,  with  the  exception  of  boats 
propelled  or  towed  by  steam.  The  contractors  for  towage  thus  enjoy 
a  veritable  monopoly.  On  the  other  hand,  they  are  required  to  tow 
the  boats  without  any  delay,  with  a  velocity  of  2  km.  per  hour.  They 
are  also  required  to  add  at  the  entrance  and  exit  of  locks,  enough 
horses  to  hasten  this  double  operation  as  much  as  possible. 

The  rates  of  towage  are  fixed  i>ev  ton  and  per  kilometer,  according 
to  the  rates  determined  by  the  bidding.  These  prices  apply  both  to 
canals  and  to  canalized  rivers,  and  include,  at  the  same  time,  a  tax  for 
the  possible  tonnage  of  the  hull  and  a  tax  proportional  to  the  actual 
loading.  They  are,  both  together,  from  0.0024  franc  to  0.0036  franc 
per  kilometer-ton  on  the  descent,  and  from  0.0031  franc  to  0.0058 
franc  on  the  ascent. 

This  organization  allows  the  regular  service  of  a  traffic,  which, 
on  certain  sections  of  the  canals,  reaches  3  500  000  tons  per  year. 
The  constraint  which  it  i^resents  to  liberty  of  towage  is  caused  by  the 
necessity  of  avoiding  any  retardation  uj^on  much-frequented  water- 
ways, and  of  preventing  encumbrances  prejudicial  to  the  common 
interest.     The  results  obtained  fully  justify  this  measixre. 

For  a  long  time,  numerous  investigations  have  been  made,  in  order 
to  substitute  mechanical  traction  aj^jjlied  upon  one  of  the  banks  for 
traction  by  horses.  But  the  system  of  funicular  towage,  recently  pro- 
posed by  M.  Maurice  Levy,  is  the  only  one  which  has  resulted  in  any- 
thing jjractical.  Briefly,  in  its  essential  parts,  this  system  consists  in 
the  use  of  an  endless  cable  moved  by  a  fixed  motor.  The  two  portions 
of  the  cable  run,  one  along  the  right,  the  other  along  the  left,  of  the 
Avater-way  upon  jDulleys  carried  by  supports  fixed  outside  the  tow- 
jjath.  The  boats  are  attached  singly  to  the  one  or  the  other  of  these 
jjortious  according  to  the  direction  of  the  journey;  the  cable  con- 
sequently tows  up  stream  and  down  stream  simultaneously. 

This  system,  though  very  simple  in  theory,  presents  in  practice 
serious  difficulties,  which  have  been  happily  overcome  by  M.  Maurice 
Levy.  The  cable  is  of  metal  and  has  been  intentionally  made  very 
heavy;  it  weighs  3.65  kg.  per  linear  meter.  It  is  mounted  with  a 
tension  of  5  tons  for  each  portion,  which  brings  the  load  upon  the 
tightener  to  10  tons  and  a  permanent  tension  upon  the  steel  strands 
of  the  cable  of  5  kg.  per  square  millimeter.  This  strong  tension 
maintains  the  oscillations  of  the  cable  both  horizontally  and  vertically, 
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•within  small  limits.  External  forces,  oblique  traction,  and  the  irre- 
gularity of  the  pull  of  the  tow  rope  may  be  taken  as  quantities  which 
may  be  neglected. 

The  sui^ports  are  placed  at  intervals  of  70  to  80  m.;  pulleys  of  proper 
form  and  inclination  giaide  the  cable  as  well  on  curves  as  on  straight 
lines;  the  grooves  in  the  rims  of  the  pulleys  prevent  the  tow  rope 
from  disengaging  from  the  cable  as  it  passes  over  them.  Certain  in- 
genious arrangements  give  complete  facility  to  boats  to  attach  or 
detach  at  will  without  interrupting  the  motion  of  the  system,  and  at 
the  same  time  leave  the  cable  free  to  rotate  upon  its  axis,  which  is  one 
of  the  results  of  its  motion  and  which  constitutes  one  of  the  principal 
difficulties  which  inventors  have  labored  to  overcome. 

The  most  convenient  velocity  is  from  2  500  m.  to  2  800  m.  per  hour. 
But  it  offers  a  regularity  and  a  constancy  of  motion  which  cannot  be 
attained  with  living  motors;  on  account  of  this  circumstance,  the  time 
of  jiassage  can  be  reduced  one-half. 

This  system  of  funicular  towage  has  been  installed  and  kept  in 
service  for  two  years  on  trial  on  the  canals  St.  MaTir  and  St.  Maurice, 
near  Paris.  Following  the  results  of  this  trial,  the  administration  Ik 
prepared  to  make  a  first  important  application  in  the  tunnel  of  Mout- 
de-Billy,  upon  the  canal  from  the  Aisne  to  the  Marne. 

As  to  the  cost  of  traction,  it  depends  on  the  traffic  of  the  canal, 
since  in  this  system  the  costs  of  installation  and  of  operation  ai-e 
almost  the  same  whatever  may  be  the  traffic.  It  is  admitted  that  they 
will  vary  from  0.0044  franc  per  kilometer-ton,  for  a  traffic  of 
1  000  000  tons,  to  0.0016  franc  for  3  000  000  tons,  per  year. 

The  passing  through  a  canal  tunnel,  Avhich  presents  a  con- 
tracted passage  of  great  length,  always  constitutes  an  obstacle  to 
traction.  For  a  long  time  towage  by  submerged  chain,  which  permits 
a  convoy  of  boats  to  pass  through,  has  been  in  use.  But  the  velocity 
is  small  on  account  of  the  resistance  Avhich  the  water  offers  to  the 
passage  of  the  convoy;  the  ventilation  is  insufficient,  and  it  becomes 
necessary  to  take  special  precautions  to  avoid  the  emission  of  smoke. 
On  this  aceoiint,  M.  Holtz,  Engineer-in-Chief,  has  used  in  the  tunnel 
of  Mauvages,  5  km.  long,  on  the  canal  from  the  Marne  to  the  Ehine, 
engines  of  the  Trancq  system,  working  without  fire  by  means  of  steam 
reservoirs  placed  on  the  towboat.  Outside  the  tunnel,  steam  is  forced 
into  these  reservoirs  at  a  high  j^ressure  and  is  used,  during  the  journey 
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through  the  tunnel,  in  operating  the  steam  motor.  This  system, 
which  has  been  in  service  about  10  years,  has  given  good  results. 

More  recently,  M.  Galliot,  Engineer,  has  proposed  an  elegant  solu- 
tion, founded  on  the  use  of  electricity,  for  passing  through  the  timnel 
of  Pouilly,  xapon  the  Burgundy  caual.  His  project  for  electric  towing 
has  received  the  approbation  of  the  administration,  and  should  soon 
be  put  in  operation.  It  is  as  follows:  The  water  supply  of  the  caual, 
received  in  the  summit  level  where  the  tunnel  occurs,  will  operate  a 
turbine  at  each  of  the  locks  at  the  ends  of  the  level;  one  of  them  will 
be  of  21  H.  P.,  the  other  of  14  H.  P.  Each  turbine  will  run  a  dynamo 
which  wOl  each  give  a  current  of  16  amperes;  the  tensions  will  be  552 
volts  for  one,  and  368  volts  for  the  other.  These  dynamos  will  be 
coupled  for  tension. 

The  motor  w411  be  placed  on  a  small  towboat  of  12  tons  displace- 
ment and  will  receive  16  amperes  with  a  tension  of  835  volts. 

The  line  will  consist  of  three  conductors  of  silicon-bronze  wire, 
7.2  mm.  in  diameter.  The  current  will  be  taken  by  means  of  jointed 
supports  rising  from  the  boat  and  making  contact  by  a  trolley  upon 
the  w4re. 

Finally,  the  towboat  motor  will  turn  by  means  of  a  double  gearing 
the  sprocket  wheels,  which  will  be  mounted  in  such  a  manner  as  to 
utilize  the  towing  chain.  These  arrangements  will  be  completed  by 
accumulators,  which  will  be  placed  on  board  the  boat,  to  correct  the 
irregularities  which  may  occur  from  variations  in  the  number  of  boats 
to  be  towed. 

Upon  the  rivers  mechanical  traction  by  means  of  towboats,  tugs, 
or  steamboats  is  generally  substituted  for  towing  by  horses.  These 
methods  have  been  known  for  a  long  time  ;  the  most  recent  innovation 
consists  in  the  utilization  of  electricity,  but  in  a  very  different  manner 
from  the  preceding. 

We  know  that  in  towing  by  a  submerged  chain,  as  it  is  ordinarily 
practiced,  it  is  necessary  to  take  several  turns  of  the  chain  about  the 
winding  drums  of  the  towboat,  the  number  being  sufticiontly  large 
(four  or  five  half  turns  on  each  drum),  so  that  the  adhesion  shall  be 
equal  to  the  necessary  force  of  traction.  This  requii-ement  jiresents 
numerous  inconveniences,  and  produces  a  rigidity  of  connection  be- 
tween the  towboat  and  the  chain  which  does  not  permit  of  freeing  one 
from  the  other  easily.     Now,  experience  has  proved  that  if  the  tow- 
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looat  has  a  suijeriority  over  tugs  on  the  ascent,  these  latter  have 
the  advantage  on  the  descent,  and  the  towboat  usually  descends 
empty. 

The  Director  of  Towing  on  the  lower  Seine  and  the  Oise,  M.  de 
Bovet,  has  sought  to  avoid  this  rigidity  by  the  use  of  a  magnetic 
pulley,  which  he  has  substituted  for  the  winding-drums.  In  this  sys- 
tem, the  chain  passes  only  once  over  the  groove  of  the  pulley;  adhesion 
is  obtained  by  an  electric  current,  which  magnetizes  the  groove  and 
which  can  be  turned  on  or  off  at  will.  It  thus  becomes  easy  to  disen- 
gage the  towboat  from  its  chain.  The  boat,  constructed  like  a  tug,  is 
supplied  with  a  towing  apparatus  which  it  uses  only  on  the  ascent. 
It  can  leave  the  chain  at  any  point  of  its  course,  and  descend  as  a 
tug. 

After  investigating  for  several  years,  M.  de  Bovet  seems  to  have 
solved  in  a  practical  manner  the  numerous  difficulties  of  detail  which 
this  problem  presents  ;  the  new  towboat  tug,  constructed  on  this  sys- 
tem, will  be  put  in  regular  service  on  the  Seine  and  Oise  in  the  course 
of  the  year  1893. 

We  see  that  on  all  sides,  engineers  and  constructors  are  seeking  to 
improve  the  means  of  traction,  and  that  important  progress  has  been 
realized  in  the  last  few  years.  In  the  same  general  direction,  several 
engineers  have  made  theoretical  and  experimental  studies  of  the 
greatest  interest.  There  may  be  noted,  among  others,  those  of 
M.  de  Mas,  Engineer-in-Chief,  and  those  of  MM.  Camere  and 
Clerc. 

The  first  is  especially  interested  in  determining  the  different  ele- 
ments which  enter  into  the  resistance  of  a  boat  to  traction  ;  given  the 
immersion,  the  form  of  the  immersed  section,  and  the  nature  of  the 
surfaces  in  contact  Avith  the  water,  to  be  able  to  sepai'ate  the  influence 
of  each  of  these  elements  in  the  total  traction.  The  other  two  have 
had  more  jjarticularly  in  view  experimental  researches  into  the  tractive 
force  in  the  different  levels  of  a  canalized  river,  so  as  to  find  out  the 
easiest  passages,  and  those,  on  the  contrary,  where,  on  account  of  a  con- 
traction of  the  bed  of  the  river,  or  for  some  other  cause,  the  power  re- 
quired is  very  great. 

In  conclusion,  all  the  efforts  converge  not  only  toward  the  improve- 
ment of  the  navigable  water-ways,  but  also  toward  their  better  utiliza- 
tion by  perfecting  the  methods  of  traction. 
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Section  III. — Expenses  and  Traffic. 

Chaptek  1. — Expenses;   (teneral  Considerations. 

After  having  thus  de.scribsil  the  priucipal  bettermeuts  carrieil  out 
iil)Ou  our  network  of  water-ways  since  1876,  and  before  seeking  to  show 
the  results  obtained,  that  is  to  say,  the  influence  exercised  by  the  com- 
l)leted  work  ujjon  the  development  of  the  circulation  and  the  new- 
facilities  of  every  nature  which  they  have  assured,  it  is  believed  it  will 
be  useful  to  indicate  what  the  cost  of  these  works  has  been. 

From  1876  to  1891,  the  amount  expended  under  the  title  of  "Works 
for  the  Establishment  and  Improvement   of  Navigable  Water- Ways," 
was,  altogether,   564  000  000  francs.      But  this  round  number,  appli- 
cable to  the  whole  network,  includes  ojierations  which,  although  really 
carried  on  iipon  navigable  rivers  and  canals,  cannot  be  considered  as 
jjertaining  solely  to  the  improvement   of    navigation.     These  figures 
present  some  discrepancies,  especially  if  one  wishes  to  bring  together 
those  which  measure  the  increase  in  traffic  due  entirely  to  the  new  works. 
Let  us  consider  first  that  portion  of  the  expenses 
pertaining  to  the  navigable  water-ways  in  the 
south,  southwest  and  west,  and  a  portion  of  the 
center  ;  water-w  ays  which  ought  not  to  be  in- 
cluded, or  Avhich  have  not  been  included,  in  the 
work  of  unification.    The  greater  portion  of  the 
expenses   which   concern   them   have   been    on 
works  executed  in  the  maritime  portions  of  the 
Loire,  the  Garonne  and  the  Charente,  which  per- 
tain   exclusively  to    maritime  navigation  and, 
consequently,  ought  not  to  be  charged  to  in- 
terior navigation.     The  sum  to  be  deducted  un-         Francs. 

der  this  head  amounts  to 83  000  000 

It  is  likewise  reasonable  to  deduct  a  jiortion  of  the 
expenses  made  for  the  betterment  of  the  mari- 
time portion  of  the  Seine  which,  proijerly 
speaking,  constitutes  the  channel  of  access  to 
the  port  of  Rouen,  and  where  the  depth,  evenbe- 
foi'e  these  improvements  had  been  commenced, 
was  sufficient  for  the  inland  boats.  Under  this 
head  there  should  be  deducted  an  expense  of. , .     14  000  000 


28  GUILLAIN  ON  NAVIGATION  WORKS  IN  FRANCE. 

Francs. 

Brought  forward 97  OOO  000 

We  should  make  a  separate  account  for  the  water- 
ways in  the  course  of  construction  or  improve- 
ment, and  which  have  been,  consequently,  un- 
able to  show  the  growth  in  circulation  and 
traffic  which  the  works  in  course  of  execution 
ought  to  assure  to  them;  these,  for  canals  still 

in  the  course  of  construction,  amount  to Gtj  tKM)  000 

and  for  the  lines  in  course  of  improvement  only, 

amount  to 55  000  000 

Altogether,  the  deductions  to  be  made  are 218  000  000 

If  we  subtract  this  sum  from  the  total  previously 
indicated,  we  find  that  the  actual  expenses  real- 
ly pertaining  to  the  parts  of  the  network  on 
which  the  improvements  undertaken  under  the 
laws  mentioned  at  the  beginning  of  this  memoir 
are  now  completed,  amounted  on  January  1st, 
1892,  to 34t)  000  000 

These  will  be  considered  for  each  of  the  great  lines  iu  the  chapters 
which  are  devoted  to  them,  respectively. 

Chapteb  2. — Traffic  ;  General  Considerations. 
In  order  to  establish,  year  by  year,  useful  comparisons  of  traffic, 
concerning  the  system  of  routes  of  communication,  the  best  unit  is  the 
kilometer-ton,  that  is  to  say,  the  ton  of  1  000  kg.  moved  1  km.  The 
"  kilometric  tonnage  "  is  the  sum  of  the  products  obtained  by  multiply- 
ing the  weight  (in  tons]  of  each  cargo  by  the  number  of  kilometers 
which  it  travels. 

In  1876,  the  kilometric  tonnage  of 
the  navigable  ways  of  France 

was 1  9.53  000  000  kilometric  tons. 

In  1891  it  had  increased  to . .  .   3  537  000  000 

Difference 1  584  000  000 

Making  an  increase  of 81^^. 

This  increase  being  for  the  whole  system,  it  was  affected  by  the 
unfavorable  results  on  certain  parts  of  the   system  upon  which  the 
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Avork  of  nuiticatiou  had  uot  heeu  carrietl  out  ;  on  some  of  them,  far 
from  c'oucurring  iu  the  general  increase,  there  was  a  diminution  in  their 
sjiecial  I'irouhitiou.  If  we  consider  the  single  lines  where  the  boats 
transport  ores,  and  which  already  had  a  depth  of  2  m.,  the  results 
arc  inlinitcly  more  satisfactory.  This  is  shown  in  the  following 
tal.lc: 


Length  in 
kilometers. 

Kilometer    tonnage    (in 
thousands  ol  kilometer- 
tons. 

Increase. 

1876. 

1891. 

Actual. 

Per 
cent. 

Seine  (from  llontereau  to  Rouen) 

Line  from  Belgium  (from  Conflans  to 

3U 

299 

411 

452 
43-2 

157 
374 

2b9  607 

439  991 

174  516 

164  n7S 
314 

45  706 
69  162 

639  864 

731  272 

389  356 

324  578 
197  048 

93  157 
102  o43 

3c0  257 

291  281 

214  840 

160  500 
196  704 

47  451 
33  181 

121 

66 

Lines  from  the  Escaiit  to  parts  of  the 

North  Sea 

Line     from    Paris   to  the    German 

frontier) 

Canal  of  lEst  (from  ttivet  to  Corre). . 

Junction  of  lines  from  the  east  and 

north  icanals  from  the  Oise  to  the 

Aisne,  lateral  to  the  Aisne,  Aisne 

to  the  Marne  ) 

123 
98 

104 

The  Saone  (from  Corre  to  Lyons) 

48 

Totals 

1      2  499 

1  183  404 

2  477  618 

1  294  214 

109 

Thus,  uijon  these  different  portions  of  the  system,  the  only  ones 
which  are  of  interest  in  this  study,  the  increase  from  1876  was  109  per 
cent.  It  should  be  remembered,  however,  that  upon  many  portions 
of  the  lines  given  in  the  jn-eceding  table,  the  completion  of  the  work 
is  of  very  recent  date,  and  that  the  imijrovements  realized  are  far  from 
having  yet  produced  their  entire  eff'ect  upon  the  develojjmeut  of  traffic. 
There  is  no  doubt  that  after  the  completion  of  the  works  of  unifica- 
tion of  the  lines  from  Paris  to  Lyons  by  Bourbonnais  and  Burgundy, 
there  will  be  shown,  not  only  upon  these  lines,  but  upon  all  the  routes 
which  are  in  communication  with  them,  a  development  of  traffic  no 
less  remarkable,  and  no  less  rapid. 

The  increase  of  the  kilometer  tonnage  gives  only  one  side  of  the 
aspect  of  the  circulation.  Previously  to  the  period  which  has  been 
considered,  the  diversity  of  the  depths,  and  that  of  the  dimensions  of 
the  structures,  formed  serious  obstacles  to  long  trips.  The  water- 
wavs  were  most  often  utilized  for  local  and  restricted  circulation  only. 
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The  object  of  the  iiuification  of  the  system  was  to  permit  transporta- 
tion to  long  distances  without  lightening  or  trans-shipment.  It  is,  in 
fact,  only  for  long  journeys  and  important  cargoes  that  navigation 
produces  its  maximum  efficiency.  The  annual  cost  of  a  boat  capable 
of  carrying  several  hundred  tons  of  freight  is  not  much  greater  than 
that  of  a  boat  of  small  dimensions.  The  cost  ea  route,  aside  from 
traction,  esiaecially  for  boats  which  do  not  carry  their  own  propellers, 
is,  so  to  speak,  insignificant.  The  really  important  expenses  are  those 
which  attach  to  each  special  operation  of  transportation  at  departiire 
and  arrival;  loading,  unloading,  supervision,  storage,  etc..  which  in 
English  are  designated  by  the  name  of  "terminal  charges."  Now,  if 
the  expenses  for  material  and  laltor  are  distributed  over  all  the  opera- 
tions of  transportation  effected  in  the  year,  the  terminal  charges  will 
be  distributed  over  the  units  of  traffic  to  which  these  charges  belong, 
that  is  to  say,  over  the  total  kilometer-tons  which  make  up  the  opera- 
tion. Thoiigh  very  heavy,  if  confined  to  a  Journey  of  a  few  kilometers, 
the  cost  becomes  much  less  if  it  is  to  be  distributed  over  the  hundreds 
of  kilometers  of  an  extended  trip. 

In  fact,  for  distances  of  a  few  kilometers,  and  at  least  for  places  of 
l^roduction  and  consumi^tion,  situated  upon  the  banks  of  the  same 
water-way,  navigation  cannot  even  compete  with  carting.  The  same 
causes  of  inferiority  are  found  for  trips  of  average  length,  with  regard 
to  competition  by  railways,  which,  by  reason  of  their  flexibility  in 
alignment,  present  a  real  superiority  over  Avater-ways,  and  adapt  them- 
selves more  easily  to  branch  lines  for  industrial  growth. 

On  account  of  these  different  considerations,  and  in  order  to  appre- 
ciate the  results  of  the  work  for  the  unification  of  the  navigation 
system,  it  is  very  important  to  show  the  increase  of  the  average  journey 
effected  upon  the  system.  The  comparison  iin fortunately  cannot  be 
established  with  that  of  the  year  1876,  adopted  as  the  starting  point 
for  this  study.  At  that  time  the  annual  statistics  did  not  give  sej^ara- 
tely  the  effective  weights  of  cargoes,  but  the  movements  by  separate 
routes  only.  We  would  have  thus  for  each  river  or  canal  the  number  of 
tons  which  were  moved  over  it,  but  those  elements  of  traffic  which 
pass  successiA'ely  over  several  water-ways,  in  order  to  complete  their 
journey,  cannot  be  summed  up  without  adding  them  more  than  once. 
It  is  only  since  1881  that  the  traffic  accounts  have  been  kept,  not  only 
by  routes,  but  also  by  the  separate  cargoes  shipiied. 
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lu   IHHl    the   total   woight   of  curgoes 

shipped  reached H)  740  000  tous. 

lu  1801,  the  same  total  reached 24:  107  000     " 

The  actual  iucrement  was 4:  427  000     " 

The  percentage  of  increase  is 22  per  cent. 

On    the   other   hand,   the   total   kilo- 
metric  touuage  reached  in  18«1  . .  2  174  000  000  tous. 

It  reached  in  1891 3  536  000  000     " 

The  actual  increment  was 1  362  000  000     •' 

The  percentage  increase  was 62  jjcr  cent. 

The  increment  was  thus  22%  on  the  effective  tonnage  (weight  of 
cargoes),  and  62%  on  the  kilometer-tonnage. 

The  progress  realized  was  then  mainly  in  the  length  of  trips;  or, 
in  other  words,  what  the  new  cargoes  gained  by  the  navigable  way 
correspond  to  the  lengthening  of  the  haul,  profiting,  consequently,  by 
the  economy  which  interior  navigation  secures  by  long  journeys. 

A  very  simple  calculation  will  make  clear  the  j)rogi'ess  realized  in 
this  direction.  The  increment  of  4  427  000  tons  of  cargo  corresponds 
to  an  increase  of  1  362  000  000  km. -tons.  If  we  admit  that  the  old 
streams  themselves  have  not  been  modified,  the  average  length  of  the 
new  journey  would  be  307  km.,  while  the  average  journey  in  1881,  10 
years  previously,  was  only  110  km.  This  result  demonstrates  the 
eflBciency  of  the  works  already  completed. 

If  we  recall  the  facts  that  the  completion  of  the  works  of  unifica- 
tion is,  for  the  greater  part  of  the  improved  water-ways,  of  a  very 
recent  date,  and  that  especially  the  works  undertaken  on  the  lines 
of  the  center  are  not  yet  finished,  and  have  as  yet  been  able  to  ex- 
ercise no  influence  upon  the  circulation,  we  may  predict  for  the  near 
futiire  a  new  and  considerable  lengthening  of  the  average  journey, 
and  important  progress  of  navigable  water-ways  in  the  line  of  the 
service  which  they  are  best  able  to  render. 

The  unification  of  the  depths  and  of  the  dimensions  of  the  naviga- 
tion works  could  be  made  efficacious  only  by  bringing  about  a  cor- 
responding change  in  the  materiel  or  the  fleet,  and  of  its  means  of 
traction — boats  and  motors. 

The  interior  navigation  fleet  in  France  is  composed  of  the  most 
incongruous  elements,  and  a  calculation  of  averages  based  itjiou  capa- 
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cities  and  forms  and  also  upon  methods  of  use  whicli  are  not  correlated 
would  not  be  of  interest.  Some  general  indications  in  this  respect, 
however,  will  not  be  amiss.  A  general  enumeration  of  the  fleet  in 
France  was  made  for  the  first  time  in  1887,  and  revised  in  1891.  The 
comparison  of  the  results  at  these  two  dates,  which,  however,  are  only 
separated  by  a  space  of  four  years,  nevertheless  furnishes  valuable  in- 
dications, and  shows  with  what  enthusiasm  the  business  of  transjjorta- 
tion  has  hastened  to  profit  by  the  new  facilities  given  to  the  circula- 
tion of  boats  of  larger  dimensions  and  of  more  perfect^forms,  and  to  the 
cmjiloyment  of  more  economical  motors. 

The  total  of  f I'eight  boats  enumerated  was : 

In  1887 15  730 boats  of  net  tonnage. , .  2  713  847 

In  1891 15  925  "  "  ...   2  996  230 


An  increase  in  favor  of 

1891  of 195  "  "  ...      282  383 

The  increase  in  net  tonnage  was  about  10  per  cent.  But  if  one  ex- 
tends the  comparison  to  the  types  of  boats  in  use  when  the  dimensions 
of  the  i>rogramme  of  unification  were  adojited,  we  arrive  at  much  more 
favorable  results.     The  number  of  boats  38. .50  m.  long  and  more  was: 

In  1887 933  boats  with  total  net  tonnage  of . . .  342  933 

In  1891 2  016  "  "  "  ...747  758 


Increase 1083  "  "  "  ...  404  825 

The  increase  of  boats  of  the  new  type  amounts  to  54%,  whether  one 
considers  the  number  or  the  caijacity.  The  force  employed  on  the 
fleet  received,  in  the  same  time,  an  increment  corresponding  to  the  in- 
crease of  the  materiel  and  the  activity  of  transportation  (6%  in  four 
years).  The  greater  part  of  the  materiel  of  the  fleet  is  composed  of  flat 
boats,  generally  of  wood,  and  i^ut  in  motion  by  an  outside  motor. 

Steamboats  do  not  accommodate  themselves  well  to  canal  naviga- 
tion. Short  levels  and  flights  of  locks  slacken  the  speed,  and  do  not 
permit  the  steam  motor  to  be  used  sufficiently  to  render  it  economical. 
It  is  the  same  as  regards  steam  towing.  Thus,  steamboats  and  tow- 
boats  are  concentrated  ujjon  rivers  and  streams — there  only  where  the 
circulation  is  free,  and  where  they  meet  levels  of  sufficient  length 
(Seine,  Rhone,  Saone). 
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lu  onlor  to  fi^ivo  au  idea  of  the  results  obtained  by  the  transforma- 
tiou  of  the  system  of  interior  navigation,  it  is  not  snflicient  to  present 
the  ineremeuts  of  circulation.  Progress,  in  the  matter  of  the  means  of 
transportation,  results  from  multiple  conditions.  There  may  be  cited 
the  economy  due  to  lowering  the  price  of  freight,  to  increasing  rapid- 
ity, to  greater  regialarity,  to  the  diminution  of  the  risks  e?i  route,  to 
greater  facilities  on  arrival  and  departure  for  loading  and  imloading, 
and  for  transferring  freight  to  the  connecting  routes  which  take  it  to 
the  ports  of  departure  or  to  its  final  destination. 

These  various  conditions  cannot  readily  be  exjiressed  in  statistical 
form  or  in  a  synthetic  sketch.  We  shall,  nevertheless,  see  further  on 
that,  especially  where  unification  has  permitted  new  routes  to  be  es- 
tablished and  places  of  production  to  extend  their  power  of  expansion, 
a  progressive  reduction  in  freight  rates  has  occurred. 

Chaptee  3. — The  Seine. 

This  chapter  will  deal  only  with  the  portion  of  the  Seine  comj^rised 
between  Montereau  and  Rouen,  since  below  that  city  it  belongs  princi- 
pally to  maritime  navigation.  The  chapter  Avill  be  divided  into  two 
sections;  the  tirst  treating  of  the  portion  from  Montereaii  to  Paris,  the 
second  of  that  from  Paris  to  Roiieu. 

Section  I.  The  Seine  from  Montereau  to  Paris. — As  early  as  1875,  the 
normal  depth  of  the  Seine  from  Montereau  to  Paris  (98  km.)  was  1.60 
m.  The  work  of  increasing  this  depth  to  2  m.  was  only  finished  in  1884. 
Nevertheless,  the  commerce  since  1876  has  been  of  real  importance. 
Expressed  in  kilometer-tons,  it  was  more  than  80  000  000;  in  1884  it 
was  112  000  000  and  in  1891  it  was  160  000  000.  In  seven  years  it  had 
gained  48  000  000  km. -tons,  or  about  33  per  cent.  It  has  doubled  in 
17  years. 

At  the  same  time,  the  average  rate  on  freight,  which,  in  1876,  was 
0.03  franc  per  kilometer-ton,  was  lowered  in  1891  to  0.017  franc. 
These  average  values  are  taken  from  through  shipments  extending  be- 
yond the  Upper  Seine,  and  in  ajsplying  them  to  a  trip  made  upon  the 
latter,  its  share,  pro  rata,  is  used.  If  it  were  possible  to  sejiarate  the 
part  l)elonging  to  this  section  of  the  river  for  the  long  trips,  we  would 
certainly  arrive  at  a  freight  rate  lower  than  that  which  has  just  been 
given. 

If  we  consider  only  the  length  and  the  width  of  locks,  the  upper 
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Seine  could  be  frequented  by  boats  of  considerable  dimensions ;  barges 
of  1  000  tons  capacity  are  already  in  use,  but  these  are  only  the  ex- 
ceptions. As  a  nearly  general  rule,  it  may  be  said  that  the  boats 
which  frequent  the  Upper  Seine  are  en  route  to  or  from  provinces  on 
the  affluent  lines.  Thus,  their  dimensions,  their  displacement  and, 
consequently,  their  net  loading,  depend  much  more  upon  the  condi- 
tions of  na^agation  wpon  the  affluent  water-ways  than  ujion  those  of  the 
Upper  Seine.  This  is  the  explanation  of  the  relatively  small  ligi\res 
which  we  find  for  the  average  cargo;  still,  considerable  progress  has 
been  realized  in  15  years.  In  1876  the  average  boat  load  was :  descend- 
ing, 122  tons;  ascending,  78  tons;  average  of  both  directions.  111  tons. 
In  1891  it  had  attained:  descending,  178  tons;  ascending,  142  tons;  in 
both  dii'ections,  166  tons. 

It  should  not  be  forgotten  that  canal-boats  of  the  legal  type  are 
callable  of  taking  a  net  load  of  300  tons,  and  in  spite  of  the  fact  that 
the  capacity  of  the  boats  could  have  been  immediately  increased 
15  years  ago,  the  average  load  in  1891  was  not  much  over  one-half 
the  maximum  load  of  canal-boats  of  the  legal  type.  It  is,  indeed,  in 
the  methods  of  traction  that  the  work  of  improvement  of  the  Seine  has 
produced  a  true  revolution  in  permitting  the  regular  use  of  screw-tugs. 

In  1876,  as  in  1891,  nearly  all  the  common  modes  of  traction  could 
be  seen  on  the  Upper  Seine;  towage  by  submerged  chain,  by  tugs,  by 
horses  or  by  men;  a  few  boats  and  rafts  descended  in  the  current  by 
means  of  oars,  jioles  and  even,  rarely,  by  the  wind.  In  1876  most  of 
the  towage,  about  80°^  of  the  total,  was  by  submerged  chain.  In  1891 
the  proportion  of  the  total  tonnage  drawn  by  the  chain  had  decreased  to 
49^,  ^b%,  and  even  27%,  according  to  the  i^ortion  of  the  route  con- 
sidered, while  the  jDroportion  towed  by  boats  had  increased  to  ^%, 
55%,  and  even  71  per  cent. 

This  competition  has  resulted  in  a  considerable  deci'ease  in  the  cost 
of  traction.      In  1876  the  current  rates  for  towage  per  kilometer  were 

established  upon  the  following  basis  : 

Francs. 
Ascent  j^er  ton  of  possible  burden  per  kilometer. .   0.0035 

Ascent  per  ton  of  actual  bi;rden  per  kilometer. . . .   0.015 

Descent  per  ton  of  possible  burden  per  kilometer .  0 .  000875 

Descent  j^er  ton  of  actual  biirden  jjer  kilometer. .  .  0 .  00375 

Since  1891  these  rates  have  been  reduced  20%,  and  now  only  consti- 
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tute  maxima  susceptible  of  considerable  reductions,  according  to  the 
ct)nditiou  of  the  water  and  the  demands  of  commerce.  It  is  not  too 
much  to  affirm  that  tlie  price  of  traction  has  gone  down  more  than  one- 
half. 

The  cost  of  the  works  executed  under  the  law  of  June  l:itli,  1878, 
for  increasing  the  dejjth  of  the  Ui)per  Seine  to  2  m.,  and  for  various 
other  imi)rovements,  has  risen  to  6  000  000  francs. 

The  Seine,  from  Paris  to  Rouen. — In  its  present  condition,  the  lower 
Heine,  including  the  Paris  slack-water  level,  has  a  length  of  2.50  km., 
divided  into  10  levels.  The  Avorks  have  already  been  considered  in  this 
l)aper,  and  have  been  put  in  service  as  fast  as  completed.  But  it  is  only 
since  Sejjtember  15th,  1886,  that  the  route  has  been  open  throughout  to 
a  deijth  of  3.20  m.  In  1875  the  total  kilometer-tonnage  of  this  section 
of  the  Seine  was  less  than  200  000  000  km.  In  1887  it  had  already 
reached  290  000  000  km.-tons,  and  in  1891,  480  000  OOOkm.-tons.  The 
increase  from  1875  is  14:0%,  of  which  two-thirds  apply  to  the  last 
six  years.  Towage  by  horses,  which  still  preserved  some  imi^ortance 
in  1875,  had  completely  disappeared  in  1891.  The  emijloyment  of 
steam  was  particiilarly  developed  on  this  part  of  the  Seine.  At  the 
time  when  the  enumerations  for  1891  were  completed,  there  were 
iiljon  the  Seine,  between  Paris  (above)  and  Rouen,  32  freight  boats,  of 
a  total  capacity  of  8  060  tons  and  3  120  horse-power.  Four  years 
before  there  were  only  30  freight  boats,  with  a  capacity  of  6  211 
tons  and  1  816  horse-jjower.  The  tugs  enumerated  on  the  same  sections 
were  54,  with  7  465  H.  P.,  in  place  of  48  tugs,  Avith  4  024  H.  P.,  m  1887. 
There  were  14  snbmerged-chain  towboats  using  1  365  H.  P. ,  in  place  of 
20  boats  and  1  577  H.  P.  in  1887.  The  submerged  chain  lost  ground. 
But  this  loss  was  compensated  by  a  remarkable  increase  of  freight  boats 
and  tugs.  An  analogoiis  transformation  has  manifested  itself  in  the 
matei'iel  of  ordinary  boats  (without  motors) ;  the  dimensions  have  been 
increased,  and  the  ad^-ance  has  not  yet  ceased. 

Finally,  the  results  of  the  transformations  carried  out  in  the  tech- 
nical conditions  of  the  navigation  of  the  lower  Seine  can  be  summed  up 
as  follows  :  By  the  construction  of  new  dams  of  more  perfect  type, 
and  the  remodeling  of  the  old  ones,  a  minimum  depth  of  3.20  m.  cor- 
responding to  a  draft  of  3  m.  has  been  assured  at  all  times  between 
Pai'is  and  Rouen,  without  interruption,  while  in  1876  the  depth  fre- 
quently decreased  in  times  of  low  water  to  less  than  the  nominal  2 
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in.,  and  sometimes  even  to  less  than  1.25  m.  Towage  from  the  tow- 
l>ath  may  he  said  to  have  disappeared  ;  towage  by  submerged  chain  has 
lost  its  importance;  and  transjiortation  by  tugs  and  steamboats  has  very 
gi'eatly  increased  ;  the  time  of  the  trip  from  Eouen  to  Paris  (ascent) 
has  diminished  about  20,%'',  while  the  efficiency  of  the  boats  has  sensi- 
bly increased,  and  has  reached  80"(,'  for  the  ascent  and  40%  for  the 
descent. 

Many  owners  have  been  able  to  make  improvements  in  their  boats 
with  a  view  of  utilizing  the  depth  of  3.20  m.  Thus,  at  the  i3resent  time, 
certain  barges  carry  from  900  to  1  000  tons  of  freight,  while,  in  1876, 
the  tonnage  of  the  largest  barges  did  not  exceed  600  tons  ;  the  steam- 
tugs  have  engines  of  500  H.  P.,  instead  of  80  and  100  H.  P.,  and  sea- 
going steamers  of  450  H.  P.  ascend  as  far  as  Paris  with  loads  of  about 
500  tons. 

Finally  the  comparison  of  the  price  of  transportation  for  1876  and 
for  1892  shows,  fot'  the  entire  distance  from  Paris  to  Rouen  and  return 
(243  km.j,  a  diminution  of  2.30  francs  on  the  descent,  or  47%,  and  2.70 
francs  on  the  ascent,  or  43)^o,  corresponding  to  reductions  of  0.009465 
franc  and  0.011111  franc  per  kilometer,  respectively. 

It  is  to  be  presumed  that  the  price  of  transportation  will  experience 
new  reductions  from  time  to  time,  with  the  better  utilization  of  the 
depth  of  3.20  m.,  and  of  the  boats  navigating  the  lower  Seine,  and  that 
the  time  is  not  far  oflf  when  it  will  fall  to  3  francs  per  ton  on  the 
ascent  (0.0123  franc  per  kilometer-ton)  and  to  2  francs  per  ton  on 
the  descent  (0.0082  franc  per  kilometer-ton),  leaving  out  the  express 
freights  which  represent  only  a  small  part  of  the  traffic. 

Chapter  IY.  —  Pkixcipal  Line  fkom  Paeis  towaed  Belgium 
(feom  the  Confluence  of  the  Seine  and  the  Oise  to  the 
Belgian  feontieb,  near  Mons). 

The  length  of  this  line,  which  includes  both  canalized  rivers  and 
canals,  is  about  283  km.  The  different  sections  offered  ordinarily  in 
1876  a  uniform  depth  of  2  m. ;  but  the  widths  of  the  channel,  the 
dimensions  of  the  locks  and  the  heights  under  the  bridges  were  slow 
to  resjjond  to  the  conditions  of  the  programme  until  late  in  1879.  Since 
then,  the  line  has  not  only  undergone  transformations  which  conform 
to  the  work  of  unification,  but  it  has  received  at  the  same  time  numer- 
ous improvements  in  detail. 
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Those  transt'oriiiatiou.s  have  been  execiitccl  hj  virtue  of  the  Liavs  uf 
July  27th,  1880,  and  December  10th,  1880.  All  the  improvenieuts  con- 
templated have  not  yet  been  realized.  Important  works,  notably  the 
doubling  of  locks,  should  be  undertaken  soon,  in  order  to  give  ]>assage 
to  a  traffic  constantly  increasing.  The  following  table  gives  the  traffic 
in  1875,  188.5,  and  1891,  upon  the  different  water-ways  of  which  the  line 
is  composed: 


Length. 

Kelometkic  Tonnage. 

1    Per  cent. 

1875. 

1885. 

1891. 

since  1875. 

Canal    from    Mons     to 

Conde  

Escaut 

Kilometers. 
5 
48 
93 
34 
104 

Tons. 
4  200  000 
70  000  000 

175  000  000 
65  000  000 
140  000  000 

3  449  000 
69  972  000 

221  8(15  000 
81  917  000 

195  635  000 

3  341  000 
79  504  000 

305  802  000 
83  731  000 

247  738  000 

—  24 
,      -^  13 

St.  Quentin  Canal 

Canal  along  the  Oise. . . 
River  Oise 

i       ?37 
-L  76 

Totals 

454  200  000 

582  779  000 

725  116  000 

-:-  60 

At  cei-tain  locks  of  the  line  there  were  passed,  in  1891,  more  than 
21  000  boats,  having  a  total  tonnage  of  over  3  500  000  tons.  The 
improvements  realized  upon  the  line,  and  which  have  jjermitted  this 
remarkable  increase  of  traffic,  have,  moreover,  rendered  the  trac- 
tion of  boats  easier.  At  the  same  time  that  the  speed  of  the  boats  has 
become  sensibly  more  rapid  (25  days  in  place  of  32,  in  the  total  dis- 
tance), the  frequency  of  necessary  stops  and  the  length  of  delays  of 
all  kinds  have  been  considerably  reduced.  The  boatmen  have  been 
able,  on  this  account,  to  double  the  number  of  their  annual  tri})s, 
which  has  diminished  the  general  cost  by  one-half.  This  diminution, 
added  to  the  economy  which  they  realize  in  the  cost  of  traction,  has  per- 
mitted them  to  reduce  the  freight  charges  from  15  to  20  per  cent.  The 
reduction  would  doubtless  be  greater  if  it  were  not  for  a  considerable 
obstruction  to  the  free  play  of  competition  ui)on  the  line.  Besides, 
we  ought,  also,  to  consider  in  the  profit  realized  V)y  consignors  and 
consignees  the  increased  rapidity  and  facilities  of  every  kind  assured 
to  commerce. 

The  improvement  of  this  line  has  cost  only  12  000  000  francs  up  to 
the  present  time. 
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Chaptee  5. — System  of  the  North  and  or  Pas-de-Calais. 

This  system  consists  of  20  water-ways  or  sections,  rivers  and  canals, 
measuring  together  523  km.  The  most  important  collieries  of  France 
are  concentrated  in  the  departments  of  the  north  and  of  Pas-de-Calais. 
The  routes  which  traverse  them  belong  to  the  general  system,  and  are 
in  communication  with  Paris  by  the  canal  of  the  Sensee,  which  con- 
nects with  the  middle  Escaut,  and  becomes  thus  in  a  manner  an  affluent 
of  the  line  from  Belgium  toward  Paris.  The  works  of  unification 
have  been  carried  oiit  under  a  series  of  distinct  law's,  promulgated 
from  1875  to  1884. 

The  kilometric  tonnage  of  this  system  was  160  000  000  km. -tons 
in  1875.  It  has  increased  to  428  000  000  km. -tons  in  1891.  The  actual 
increase  is  260  000  000  km.  tons.  The  percentage  increase  is  more 
than  150  per  cent.  Certain  lines  share  in  this  increase  in  such  a  man- 
ner as  to  merit  sj^ecial  notice.     These  are  : 

The  upper  Deule,  which  touches  the  city  of  Lille  (57  km.)  ;  its 
traffic  has  risen  from  45  000  000  to  almost  100  000  000  km. -tons. 

The  canal  of  the  Sensee,  a  branch  of  the  great  line  to  Paris,  the 
traffic  of  which  has  risen  from  20  000  000  to  60  000  000  km. -tons. 

The  canal  of  Aire  (44  km.),  which  connects  the  Deule  with  the  canal 
from  Neuffosse  to  La  Lys  ;  its  traffic  has  risen  from  25  000  000  km.- 
tons  to  75  000  000. 

As  on  the  Belgian  line,  so  on  the  routes  of  the  north  and  of  Pas- 
de-Calais,  we  find  that  the  character  of  the  boats  has  been  much 
improved.  Almost  all  the  new  boats  have  been  built  upon  the  type  of 
300  tons.  A  large  number  of  old  boats  has  been  modified  so  as  to 
conform  to  this  tyjie.  Hand-towing,  still  common  in  1875,  has  almost 
disajipeared.  Towage  by  horses  has  become  the  general  rule,  and  the 
quality  of  the  horses  has  been  much  improved.  Upon  a  certain  num- 
ber of  exceptional  ways  the  towage  has  been  organized  by  the  adminis- 
tration, to  the  great  profit  of  the  fleet  as  to  velocity  and  economy.  At 
other  points  special  steam  towing  with  submerged  chain  has  been 
established,  and  is  very  prosperous. 

It  is  certain  that  all  these  causes  united,  as  also  the  pains  taken  to 
reduce  the  necessary  and  accidental  delays,  have  considerably  dimin- 
ished the  losses  of  time  which  were  so  gi*eat  before.  The  velocity  of 
travel  has  been  notably  increased,  and  the  boatman  who  in  1875  was 
hardly  able  to  make  three  round  trips  per  year  between  the  colliery 


GUILLAIN  OX  NAVIGATION  WORKS  IN  FRANCE.  39 

])asius  of  the  north  and  Paris  can  easily  make  live  to-day,  i)rovided  he 
is  active  and  provident. 

Tlie  price  of  freight  has  not  seusilily  diminished  upon  this  line;  but 
as  upon  the  line  from  Belgium,  this  is  due  to  a  lack  of  competition 
and  also  to  the  fact  that  under  the  old  regime  the  principal  water-ways, 
while  inferior  to  the  present  ones,  nevertheless  permitted  the  circula- 
tion of  boats  having  a  cajiacity  approaching  that  of  the  Flemish  canal- 
boats.  TransiJortation  enterjn'ises  have  more  especially  profited  by 
the  diniiuutiou  in  the  cost  of  retiirning.  But  producers  and  consum- 
ers have  found  it  also  to  their  advantage,  not  only  in  the  considerable 
increase  of  the  capacity  and  frequenting  of  the  ways,  but  also  in  the 
economy  of  time  and  the  greater  regularity  of  transi:)ortation. 

The  expenses  devoted  to  the  imj^rovement  of  this  system  have 
reached  32  000  000  francs. 

Chapter  6. — Line  fkom  Paris  to  the  East. 

This  line  runs  from  the  moiith  of  the  Marne,  a  little  above  Paris,  to 
Charenton.  It  includes  a  jjart  in  the  bed  of  the  River  Marne,  canal- 
ized with  locks  for  179  km.  Then  373  km.  of  canals.  The  Marne  and 
the  canal  by  its  side  form  the  principal  jjortion.  The  canal  from  the 
Marne  to  the  Ehine,  which  is  found  at  the  eastern  extremity  (210  km.), 
serves,  esisecially  in  the  neighborhood  of  Nancy,  numerous  industrial 
establishments  situated  ujjon  its  banks,  notably  blast  furnaces,  forges 
and  foundries,  ii'on  mines,  salt  works,  soda  factories  and  chemical  works. 

The  transformation  of  the  line,  where  the  depth  has  been  increased 
to  2.20  m.  and  the  locks  lengthened  to  38.50  m.,  has  been  effected  by 
virtue  of  different  decrees  from  1878  to  1882.  The  transformation 
of  the  boats  has  followed  closely  upon  that  of  the  route,  which  has 
sensibly  increased  the  jjower  of  transportation.  It  is  principally  iu 
the  last  few  years  that  the  average  tonnage  of  the  boats  has  been 
increased. 

The  diminution  of  the  time  of  passage,  very  noticeable  on  the  canal- 
ized Marne,  ajjpeared  of  slight  importance  in  the  trip  through  the 
canal  from  the  Marne  to  the  Rhine.  The  improvements  carried 
out  have  doubtless  had  the  effect  of  preventing  delay  and  of  facilitat- 
ing the  passage  and  increasing  the  size  of  boats  ;  but,  on  the  con- 
trary, the  considerable  increase  of  traffic  upon  the  canal  from  the  Marne 
to  the  Rhine  has  multiplied  the  causes  of  delays  and  blockades,  espe- 
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cially  at  the  locks,  wliicli  are  very  numerous  (113),  and  which,  with  the 
tunnels,  require  at  least  a  third  of  the  normal  time  of  passage  of 
boats.  For  a  great  number  of  triijs,  going  from  one  part  of  the  region 
of  the  east  to  another,  we  nevertheless  find  a  real  reduction.  This 
reduction  must  be  principally  attributed  to  the  opening  of  new  routes. 
Thus  the  canalization  of  the  Meuse  (northern  l)ranch  of  the  Canal  of 
the  East)  has  resulted  in  reducing  to  20  or  22  days  the  trip  from  Nancy 
to  the  coal  mines  of  Liege  and  Couillet  in  Belgium,  which  formerly 
occuijied  40  days,  when  it  was  made  by  the  routes  of  the  north  and  of 
the  Sambre.  Likewise,  the  construction  of  the  canal  from  the  Oise 
to  the  Aisne  has  brought  about  a  gain  of  4  or  5  days  in  the  trip  from 
Nancy  to  the  coal  mines  of  the  north  of  France. 

There  has  been  on  this  line  a  much  more  noticeable  reduction  in 
the  price  of  freight  than  that  which  has  taken  place  upon  the  lines 
described  in  the  preceding  chapters.  From  the  collieries  of  the  north 
to  Nancy  the  cost  of  transportation  of  coal  has  fallen  from  9.50  to  7.50 
francs,  and  from  Nancy  to  Paris  from  9  to  6.50  francs.  From  Nancy 
to  Lille,  for  salt  and  soda,  the  reduction  is  much  greater,  from  9.50  to 
5  francs.  It  is  not  rare  to-day  to  see  the  price  of  freight  drop  to  0.01, 
0.009  and  even  0.008,  franc  j^er  km. -ton  for  certain  kinds,  such  as  pig 
iron  and  iron  ore,  transported  as  a  return  load  by  boats  which  have 
brought  coal  from  the  north  of  France  or  from  Belgium  to  the  metal- 
lurgical establishments  in  the  basin  of  Nancy. 

In  order  to  bring  out  the  progress  realized  upon  this  line,  it  only 
remains  to  give  the  comi>arison  of  the  kilometric  tonnage  at  three 
jjeriods,  1875,  1880  and  1891.  It  may  be  remarked  that  from  1875  to 
1880  the  tonnage  on  this  line  had,  without  doubt,  suflFered  a  consider- 
able depression  from  railroad  competition.  The  upM^ard  movement 
only  shows  itself  since  the  completion  of  the  works. 


KiLOMETBic  Tonnage. 

1875. 

1880. 

1891. 

Canal  from  the  Marne  to  the  Ehine 

106  000  000 
27  000  000 
21  000  000 

83  000  000 
27  000  000 
25  000  000 

216  000  000 
57  000  009 

51  000  OUO 

Total 

154  000  000 

135  000  000 

324  000  000 
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The  decrease  in  traffic  from  1875  to  1880  was  12)V  ;  fi'om  1880  to 
181>1  it  was  I-IO  per  cent.  The  cost  of  the  work  done  on  this  line  is 
U  000  000  francs. 

Ch.\ptei{  7. — Caxal  of  the  East. 

This  is  a  new  route,  432  km.  long,  designed  to  re-establish  in  our 
territory  the  economy  of  our  system  of  navigable  ways,  which  was 
considerably  interrupted  by  the  new  frontiers  imposed  ujiou  ixs  by  the 
war  of  1870-71.  It  starts  from  the  Belgian  frontier  at  Givet,  and  eon^ 
nects  with  the  Saone  at  Corre.  There  is  nothing  here  for  a  comparison 
with  the  past.  The  traffic  furnished  by  this  route  in  1891  was 
198  000  000  km. -tons,  a  great  part  of  which  extends  over  the  re- 
mainder of  the  system  and  comes  in  for  a  large  part  in  the  increase 
of  traffic  shown  by  the  statistical  figures  already  quoted. 

This  canal  has  contributed  largely  to  the  reduction  of  the  average 
price  of  transportation,  by  favoring  the  lengthening  of  certain  trips 
by  water.  Thus  it  makes  it  ijossible  to  bring  to  Creusot,  for  example, 
the  castings  of  Meuthe  and  Moselle,  which  could  not  previously  be 
brought  there  by  rail  at  a  reasonable  price.  The  coals  of  Belgium 
and  the  north,  of  superior  qiiality,  have  entirely  supplanted  Prussian 
coals  in  the  Vosges  ;  the  metamorphic  sandstone  paving  stones  of  the 
Vosges  are  brought  to  Eouen,  Calais  and  Dunkirk,  replacing  the 
original  Belgian  pavements. 

Chapter  8. — Water- Wats  Coxnectixg  the  Canax  of  the  East 
WITH  the  Lines  from  Paris  to  BEiiGirsi  and  from  P.uus  to 
the  East. 

Three  of  these  water-ways  are  old: 

First. — The  canal  of  Ardennes  (88  km.),  starting  from  Pont-a-Bar, 
upon  the  northern  branch  of  the  Canal  of  the  East,  and  connecting  at 
Vieux-les-Asf eld  with  the  lateral  canal  of  the  Aisne,  which  latter,  follow- 
ing along  the  river  Aisne,  connects  with  the  line  from  Belgium  to  Paris. 

Second. — The  lateral  canal  of  the  Aisne  (51  km.),  followed  by  the 
canalized  Aisne  (59  km.),  as  mentioned  above. 

Third. — The  canal  from  the  Aisne  to  the  Marne  (58  km.),  which 
connects  the  two  preceding  canals  with  the  line  from  Paris  to  the  East. 

A  fourth  water-way  constructed  anew  and  oi)ened  only  in  1890,  the 
canal  from  the  Oise  to  the  Aisne  (48  km.),  has  for  its  object  the  im- 
provement of  the  connection  by  water  between  the  noi*th  and  the  east  of 
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France  by  procuring,  with  reference  to  tlie  old  distance,  a  reduction 
of  56  km. ,  and  in  avoiding  61  km.  of  river  navigation. 

The  work  of  improving  the  structures  on  the  three  old  canals  is 
nearly  finished,  and  it  has  already  brought  manifest  fruits.  The  boats 
of  the  northern  lines,  shallops  and  barges,  ply  there,  and  the  average 
load  has  been  increased  40  to  47/^5  with  a  corresponding  reduction  in 
the  price  of  freight. 

The  velocity  of  boats  on  the  open  levels  varies  little,  but  the  re- 
duction of  the  time  of  lockage  and  the  imjjrovement  of  certain  difficult 
passages  have  brought  about  a  general  diminution  of  the  length  of 
trips,  so  that  the  trij)  from  Pont-a-Bar  to  Paris  (369  km. )  is  made  to- 
day in  12  days,  in  place  of  15. 

The  traffic  of  the  canal  of  the  Ardennes  has  increased  in  a  remark- 
able manner,  notably  since  1885.  Like  that  of  a  part  of  the  canal 
along  the  Aisne,  this  increase  began  in  large  jjart  with  the  oi^ening  of 
the  Canal  of  the  East,  and  with  that  of  the  canal  from  the  Oise  to  the 
Aisne.  The  opening  of  this  last  canal  has  brought  about,  moreover,  a 
considerable  shifting  of  traffic,  as  is  shown  by  the  following  table  for 
this  and  the  other  canals. 


1875. 

1885. 

1890. 

1891. 

Canal  of  the  Ardennes 

9  500  000 
20  796  f)00 
3fi  856  000 
36  856  000 

12  256  000 
25  390  000 
40  203  000 
40  203  000 

17  941  000 
27  207  000 

23  818  000 

24  741  000 

22  978  000 

Canal  along  the  Aisne 

31  532  000 
9  149  000 

Canal  from  the  Oise  to  the  Aisne 

55  939  000 

Total 

67  152  000 

77  849  000 

93  507  000 

119  598  000 

If  we  consider  the  shortening  produced  by  opening  the  canal  from 
the  Oise  to  the  Aisne,  the  traffic  of  which  has  developed  at  the  expense 
of  that  of  the  canalized  Aisne  and  a  part  of  the  canal  beside  the  Aisne, 
we  shall  see  the  remarkable  increase  of  circulation  ujjon  these  different 
lines.  This  increase  is  142%  for  the  canal  of  the  Ardennes,  which  is 
the  only  one  properly  comparable. 

The  canal  from  the  Aisne  to  the  Marne  (58  km.),  which  connects  the 
preceding  group  of  water-ways  Avith  the  line  from  Pai-is  to  the  East, 
has.  like  them,  been  improved. 

Its  traffic,  throughout  the  whole  course,  changing  with  that  of  the 
routes  which  it  connects,  has  risen  from  27  261  000  km. -tons  in  1875 
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to  32  416  000  in  1891.  The  i)roi)ortioual  increase  is  19  per  cent.  The 
conditions  of  velocity  ami  of  price  have  not  materially  varied  on  this 
canal. 

The  expenses  contracted  on  the  lines  connecting  the  routes  of  the 
north  and  of  the  east  have  amounted  to  about  40  000  000  francs,  of 
which  33  600  000  francs  wore  for  the  construction  of  the  canal  from  the 
Oise  to  the  Aisne. 

Chapter  9.- — The  S.^oxe  from  Cohee  to  Lyons. 

The  navigable  Saone  comprises  three  distinct  sections:  1st,  from 
Corre  (junction  of  the  Canal  of  the  East)  to  St.  Jean-de-Losne  (mouth 
of  the  canal  of  Burgundy),  136  km. ;  2d,  from  St.  Jean-de-Losne  to 
Barbe  Island  (above  Lyons),  202  km.;  3d,  from  Barbe  Island  to  the 
Rhone  (Lyons  slack-water  level).  9  km. 

The  works  of  improvement  were  completed  between  1882  and  1885; 
and  in  order  to  show  the  importance  of  the  traffic,  the  kilometric 
tonnage  in  1875,  1885,  1891  is  given. 


1875. 

1885. 

1891. 

First  Section 

5  329  000 
71  634  000 

22  259  000 
69  032  000 

30  259  000 

1  69  787  000 

Third  Section ) 

(   2  296  000 

The  work  of  the  canalization  has  reduced  the  distance  by  25  km. , 
which  is  to  the  disadvantage  of  the  years  1887  and  1891,  in  this  cal- 
culation. 

The  work  of  improvement  of  the  Saone  has  brought  important 
results  so  far  as  concerns  the  development  of  traffic,  only  ujion  the 
first  section  which  joins  the  Canal  of  the  East  and  receives  the  canal  of 
Burgundy.  The  ijrojjortional  increase  for  this  section  reaches  nearly 
500  pev  cent.     It  has  thus  become,  so  to  speak,  a  new  water-way. 

Navigation  is  already  established  upon  the  Burgundy  canal,  where 
the  locks  have  been  lengthened.  It  is  not  so  with  the  two  lower  sections 
which  communicate  with  the  Rhone,  where  the  work  of  transformation 
is  not  yet  finished,  and  with  the  line  from  Paris  by  Bourlionnais,  where 
the  completion  of  the  work  of  unification  will  doubtless  still  require 
two  or  three  years.  However  that  may  be,  it  should  be  stated  that 
the  conditions  of  navigation  of  the  Saone  have  been  very  much  im- 
proved.    The  average  load  of  the  ordiuarv  boat,  which  in   1876  was 
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only  75  tons,  had  risen  to  125  tons  in  1891.  Steam  navigation  is 
developing  there.  While  in  1876  there  were  only  13  tugs  and  steam- 
boats, having  a  total  of  764  H.  P.,  the  number  of  these  boats  is  now 
24,  and  their  horse-power  1  738.  The  Avork  of  improvement  executed 
since  1876  has  cost  about  14  000  000  francs. 

Chaptek  10. — The  Rhone  fkom  Lyoxs  to  St.  Louis  (327  km.). 

Although  the  Rhone  does  not  figure  in  the  list  of  water-ways  ful- 
filling the  conditions  of  depth  provided  by  the  programme  of  1879,  the 
results  obtained  by  means  of  the  work  thus  far  executed  have  been 
considerable.  At  the  time  when  the  works  upon  the  Rhone  were 
undertaken,  navigation  there  was  rapidly  decreasing.  Perhaps  on  no 
river  had  boating  been  so  severely  tried  by  the  opening  of  railroads, 
and  its  ruin  appeared  so  complete  that  people  had  become  accustomed 
to  consider  navigation  as  a  means  of  transportation  practically  con- 
demned and  destined  to  be  entirely  replaced  by  railroads. 

At  the  time  of  the  greatest  develojjment  of  navigation,  before  the 
victory  of  the  railroads,  transports  were  diAided  into  three  types: 
boats  for  the  transportation  of  jjassengers  and  freight,  lightly  loaded 
on  the  descent,  but  taking  the  most  important  jiart  of  the  traffic  upon 
the  ascent;  boats  descending  with  the  current,  and  taking  the  priuci- 
l^al  part  of  the  traffic  upon  the  descent ;  finally,  grapnel  towboats 
descending  without  convoys,  and  ascending  with  empty  or  partially 
loaded  boats,  which  compi-ised  only  a  relatively  small  jjart  of  the  up- 
stream tonnage,  because  of  the  irregularity  of  their  service. 

Thus  there  were  in  fact  two  systems,  one  well  adapted  to  the  con- 
ditions of  ascent,  but  stojiped  by  low  water,  and  bearing  only  a  small 
traffic  on  the  descent,  the  other  irregular  in  its  movement  and  not 
economical  on  the  ascent  on  account  of  the  magnitude  of  the  resist- 
ances and  the  stoppage  of  the  tugs  by  high  water.  It  is  evident  that 
this  was  a  cause  of  weakness  which  did  not  permit  the  boats  to  give  a 
large  return,  and  that  the  types  least  adajjted  for  work  in  both  direc- 
tions would  be  less  cajjable  of  adajDting  themselves  to  the  new  condi- 
tions created  by  the  competition  of  railroads  and  of  overcoming  it. 
This  is  in  fact  what  has  taken  place. 

Navigation  by  descending  with  the  current  has  been  most  exten- 
sively employed;  this  .movement,  which  in  1884  amounted  to  236  000 
tons  for  the  total  distance  between  Lyons  and  Aries,  had  decreased  to 
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33  UOO  tons  before  the  law  of  1878.  It  coutinued  to  decrease  uutil  the 
tirst  improvements  in  the  river  were  felt;  the  minimum  was  in  1880, 
and  was  24  000  tons.  Since  then  it  has  increased  a  little.  This  mode  of 
navigation  has  lost  its  principal  freight,  coal,  not  only  on  account  of 
its  own  imperfections,  but  also  on  account  of  the  absence  of  all  means  of 
exchange  between  the  river  and  the  railroads  which  connect  the  Rhone 
with  the  colliery  basins;  it  has  found  it  ancAv,  and  notably  in  freightage 
of  lime,  and  the  traffic  in  this  was  brought  up  in  1891  to  38  000  tons. 

Navigation  by  towing  by  the  aid  of  grapnels  in  ascending  has  suf- 
fered the  same  decrease,  and  for  the  same  reasons.  Its  traffic,  which 
had  reached  67  000  tons  at  one  time,  had  fallen  in  1878  to  5  700  tons. 
It  has  risen  a  little  since.  A  new  grapnel  toA^  boat,  which  was  designed 
in  view  of  the  new  conditions  of  the  river,  and  which  can  be  used  with 
the  highest  water,  has  recently  been  tried.  The  movement  by  steam 
ua\-igation  (tugs)  reached  14  000  tons  in  1891. 

Very  different  has  been  the  situation  of  navigation  by  steamboats. 
They  presented  the  double  advantage  of  being  able  to  run  in  both 
directions  with  a  sufficiently  great  velocity;  they  suffered  long  delays 
caused  by  insufficient  depth,  but  should  profit  immediately  as  a  con- 
seqiience  of  the  imiarovements  in  the  river.  The  traffic  by  steamboats 
had  reached,  before  the  opening  of  the  railroads  in  1887,  242  000  tons 
of  freight  between  Lyons  and  Ai-les,  with  a  considerable  number  of 
passengers.  The  steam  fleet  comjirised  01  boats  of  a  total  of  24  000 
H.  P.,  among  which  were  5  grapnel  towboats,  and  18  boats  more 
esi^ecially  devoted  to  the  transportation  of  passengers. 

In  1857,  immediately  after  the  opening  of  the  line  from  Lyons  to 
Avignon,  the  passenger  movement  decreased  considerably,  and  the 
freight  transported  fell  to  160  009  tons.  Half  of  the  Meet  remained  at 
anchor;  the  traffic  continued  to  decrease  from  year  to  year,  and  they 
continiied  to  dismantle  the  boats. 

In  1877,  the  year  which  preceded  the  law  for  improvement,  the 
movement  of  freight  was  only  S9  000  tons;  there  were  only  10  boats  in 
use,  of  which  6  were  for  freight  only,  2  for  passengers  and  freight,  and 
2  tugs.  There  was  a  gradual  increase  from  this  time;  in  1880,  it  was 
115  000  tons;  in  1886,  130  000  tons,  and  in  1891,  it  had  reached  161  OOO 
tons.  In  1891,  the  fleet  included  20  steamers  in  regular  service,  com- 
prising: 3  small  towboats,  upon  cable,  for  local  service;  4  boats  for 
both  freight  and  passengers,  and  11  large  boats  for  freight  only. 
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It  may  be  noted  that  the  movemeut  of  freight  by  boats  had  leturned 
in  1891  to  the  amount  which  it  had  reached  in  1857,  and  Avith  a  much 
smaller  fleet;  that  was  due  to  the  better  utilization  of  the  materiel,  the 
length  of  the  jieriod  of  na^dgation  being  considerably  extended.  The 
number  of  trips  of  each  boat  has  increased  in  the  same  ratio,  while  the 
tonnage  carried  -pev  trij)  increased  still  more  rapidly. 

The  average  tonnage  capacity  of  the  boats  now  employed  is  413 
tons;  the  maximum  tonnage  per  round  trip  is,  then,  826  tons;  in  reality 
it  is  less,  since,  even  when  freight  is  plenty,  the  boats  are  less  heavily 
loaded  on  the  descent  than  on  the  ascent,  for  the  purpose  of  limiting 
the  enormous  momentum  which  such  masses  acquire  when  they  attain, 
as  they  do,  at  certain  points,  velocities  of  22  to  24  km.  per  hoixr.  and  of 
making  certain  that  the  engine  has  sufficient  jjower  to  overcome  the 
velocity  and  stop  the  boat  if  occasion  requires.  With  the  improvement 
of  the  river,  the  straightening  of  the  channel,  which  makes  it  possible 
to  increase  the  distance  between  stops,  and  the  reduction  of  the  rapids, 
the  difference  between  the  loads  for  ascent  and  descent  has  very  much 
diminished;  the  sum  for  ascent  and  descent  is  still  considerably  less 
than  826  tons,  which  is  double  the  tonnage  capacity. 

In  1876,  the  tonnage  was,  at  most,  450  tons;  in  1880,  it  Avas  500  tons; 
1885,  565  tons;  1887,  727  tons;  1889,  729  tons;  1891,  730  tons;  that  is  to 
say,  that  for  the  last  four  years  the  degree  of  iitilization  api>ears  to 
have  practically  attained  its  maximum. 

The  price  of  freight  has  naturally  followed  a  downward  path.  Some 
comi^arative  prices  will  permit  of  showing  the  reduction  realized  upon 
the  goods  which  rej^resent  the  greater  part  of  the  tonnage.  The  fol- 
lowing table  gives  these  figures : 


Metals 

Lime 

Cereals  .. 
Cereals  ., 
Vermicell 

Wine 

Soap 

Sulphur.. 
Cordage.. 


Lyons  to  Marseilles 

Teil  to  Marseilles 

Marseilles  to  Dijon 

"  Lyons 

Cette  and  Marseilles  to  Lyons 
Marseilles  to  Lyons 


1876 


Francs. 
12 
11 
26 
16 
16 
17 
15 
14 
22.5 


1884. 


1892. 


Francs. 

Francs. 

11 

9 

7 

6.50 

22 

17 

14 

12.5 

15 

12.5 

16 

14 

14 

12 

13 

11 

16 

12.5 
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There  is,  moreover,  reason  to  hope  that  when  the  problem  of  trac- 
tion upon  the  Rhone  is  solved,  a  problem  of  which  a  solution  may  be 
soon  expected,  the  sacrifices  made  will  not  fail  to  bear  fruit. 

MARITIME   NAVIGATION  WORKS. 

Section  1. — GENEKAii  Statement. 

France  is  bounded  by  the  sea  upon  three  of  the  sides  of  the  hexagon 
in  which  it  is  inscribed.  Its  shores  have,  excluding  islands,  a  total 
length  of  2  710  km.,  viz.,  1st,  1  223  km.  from  the  northern  frontier  to 
Audierne  (North  Sea  and  the  English  Channel);  2d,  862  km.  from 
Audierne  to  Bidassoa  (Atlantic  Ocean) ;  3d,  625  km.  from  Cape  Cerberet 
to  Pont  Saint  Louis  (Mediterranean).  The  number  of  ports,  harbors 
and  anchorages  along  these  2  710  km.  of  shore  line  is  sevei-al  hixndred, 
at  200  of  which  there  are  works  of  maintenance  upon  State  lauds. 

The  object  here  is  not  to  give  an  eniimeration  of  the  mai-itime  works 
of  France,  but  to  give  a  glance  at  the  improvements  realized  in  these 
works  in  the  course  of  the  period  included  between  Janiiary  1st,  1876, 
and  December  31st,  1891,  embracing,  consequently,  15  years. 

Naval  materiel  within  half  a  century  has  undergone  a  transforma- 
tion which  has  directly  affected  the  accommodations  of  the  ports  of 
commerce.  The  dimensions  of  ships  have  increased  in  considerable 
proportions  ;  the  number  of  steamshijjs  has  increased  in  a  progressive 
ratio,  while  that  of  sailing  vessels  has  notably  diminished.  Sail  navi- 
gation has  regained  some  favor  at  this  time,  it  is  true,  but  the  new 
sailing  vessels  are  generally  of  dimensions  comparable  with  those  of 
steamers  ;  they  are  equipped  with  mechanical  appliances  for  loading 
and  unloading  freight,  as  well  as  for  the  handling  of  sails  and  anchors. 
The  increase  in  the  dimensions  of  ships  permits  of  realizing  important 
economies  in  the  cost  of  transportation  as  much  from  the  point  of  view 
of  the  working  force  as  from  that  of  the  materiel,  and  particularly  in 
fuel.  Thus  the  tendency  to  increase  the  tonnage  of  ships  is  thoroxighly 
justified,  and  the  increase  will  continue. 

The  heavy  expenses  due  to  steam  vessels  force  efforts  to  avoid  loss 
of  time  and  to  derive  the  greatest  possible  profit  from  the  outi:)ut. 
The  time  spent  by  ships  in  jjort  thus  decreases  from  day  to  day  ;  in 
order  to  reach  this  result  it  is  necessary  to  create  a  plant  which  Avill 
l^ermit  of  rapidly  loading  and  unloading  freight,  and  to  develop  railroads 
and  navigable  water-ways,  which  will  serve  purposes  of  transportation. 
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In  order  to  satisfy  these  new  wants,  tlie  ports  have  been  forced  to 
undergo  modifications  which  permit  them  to  receive  ships  much  larger 
than  those  which  frequented  them  formerly,  and  to  save  the  time  for- 
merly lost  by  them  before  or  after  loading. 

The  writer  will  first  attempt  to  show  the  improvements  of  a  techni- 
cal character  made  in  this  connection  in  the  course  of  the  16  years 
which  we  are  considering  ;  then,  after  a  rajjid  glance  at  the  expenses 
contracted  in  the  accomplishment  of  this  work,  he  will  jiroceed  to 
show  the  economic  results  which  have  been  reached  in  the  develop- 
ment of  traffic. 

Section  II. — Technicai,  Explanation. 

Chapter  1. — Conditions  of  Access  to  Ports. 

The  channels  giving  access  to  a  large  number  of  jiorts  have  been 
improved  and  deepened.  Calais,  Boulogne  and  Dieppe,  especially, 
have  been  jjiit  in  a  condition  to  I'eceive,  at  the  wharves  of  their 
outer  ports,  at  all  stages  of  the  tide,  the  vessels  which  carry 
passengers  between  France  and  England.  This  improvement  which 
greatly  facilitates  communication  between  the  two  countries,  has 
princii)ally  been  secured  and  maintained  by  means  of  dredges.  The 
bottom  of  the  channel  in  these  ports  is  kept  at  an  elevation  varying 
between  —  2.50  m.  and  —  4  m.*  The  annual  dredging  required  to 
maintain  this  condition  is  not  excessive,  for  the  volume  does  not  exceed 
300  000  cu.  m.  for  Calais,  200  000  for  Boulogne,  and  110  000  for  Dieppe. 
The  accommodations  of  the  tidal  docks  in  these  three  ports  have  also 
been  improved,  principally  at  Calais,  where  the  passenger  service  is  per- 
formed under  very  comfortable  conditions.  The  channel  has  also  been 
deepened  by  means  of  dredges,  2.70  m.  at  Dunkirk,  and  1.80  m.  at 
Ouistreham,  etc.  Furthermore,  the  excavation  of  a  passage  has  just 
been  finished  across  the  bar  of  the  Charpentiers  (offshore  from  the  mouth 
of  the  Loire)  which  will  increase  the  available  depth  1.40  m.  for  ships 
in  foreign  commerce  and  destined  for  St.  Nazaire.  The  depths  at  the 
entrance  of  the  jDorts  at  Trejjort,  Cherbourg,  Les  Sables,  Bayonne  and 
Cette  have  been  in  like  manner  increased. 

Suction  dredges,  which  raise  a  mixture  of  water  and  of  sand,  and  let 

the  sand  settle  in  pits  with  gates,  which  are  afterwards  emptied  into 

*  In  each  port,  elevations  are  referred  to  the  zero  of  the  hydrographic  charts,  this  zero 
•  corresponding  to  the  level  of  the  lowest  tide  observed.  The  minus  sign  is  given  to  ele- 
vations  below  zero. 
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the  sea,  Lave  greatly  contributed  to  these  results  by  recUxcing  the  cost 
of  dretlging.  At  Dunkirk,  Calais  and  Boulogne,  the  dredging  done 
bv  the  Administration  has  cost  only  from  0.17  to  0.29  francs  per  cubic 
meter.  Upon  the  bank  of  the  Charpentiers,  the  dredging  has  been 
let  to  a  contractor  at  0.80  fi-anc  per  cubic  meter;  the  price  -nill  be 
much  less  when  the  Administration  des  Fonts  et  Chaussees  has  in 
operation  the  suction  dredge  -which  has  just  been  ordered. 

At  Dieppe,  on  the  contrary,  the  nature  of  the  bottom,  which  is 
composed  of  limestone  and  a  mixtxire  of  sand  and  gravel,  requires 
the  use  of  bucket  dredges  ;  and  the  cost  amounts  to  0.92  franc  per 
cubic  meter.  This  price  is  greater  than  that  which  they  expect  to  pay 
at  Havre  viith.  a  dredge  of  greater  i^ower  (its  engine  being  of  500  H.  P.) 
which  has  just  been  put  in  use. 

Independently  of  dredging,  other  works  have  been  undertaken  at 
different  jjoints  to  improve  the  conditions  of  entrance  into  ports.  At 
the  entrance  to  Boulogne,  the  roadstead  has  been  sheltered  by  the 
"Carnot  "  break-water  founded  in  a  depth  of  8  m.,  and  with  a  length 
of  2  110  m.  Some  dredging  has  been  done  for  the  purpose  of  increas- 
ing the  sheltered  surface  where  large  ships  can  anchor.  The  entrance 
of  the  i30i-t  of  Cette  has  also  been  rendered  safer  by  the  extension  of 
the  break-water  850  m.  to  the  east. 

The  inner  channels  of  the  ports  of  Dunkirk,  Calais,  Treport, 
Diepi^e,  St.  Yalery,  Fecamp  and  Havre  have  been  enlarged  and  at  the 
same  time  straightened  by  the  building  of  one  and  in  some  cases  two 
jetties  ;  they  have  also  been  deepened.  These  works  greatly  facilitate 
the  movement  of  ships  ;  furthermore,  there  is  less  danger  of  a  ship's 
stranding,  completely  barring  the  channel,  and  entirely  preventing 
egress  or  ingress,  as  had  previously  happened  in  certain  cases. 

The  depths  which  have  been  attained  in  these  different  ports  are, 
moreover,  not  considered  as  limits  which  will  not  be  surpassed.  On  the 
contrary,  an  increase  in  depth  of  water  is  now  anticipated,  notably  in 
the  channels  of  apjjroach  to  the  ports  of  Dunkirk  and  Havre,  and  the 
time  is  approaching  when  the  exterior  passage  and  the  channel  included 
between  the  jetties  in  these  ports  will  be  excavated  to  from  i.50  to  5  m. 
below  the  lowest  tides.  The  legislative  diflSculties  which  have  so  far 
retarded  the  execution  of  this  programme  seem  about  to  disappear,  so 
far  as  Havre  is  concerned. 

As  a  result  of  the  studies  made  by  the  Hydrographic  Service  of  the 
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Navy  for  tlie  purpose  of  discovering  the  proper  means  of  rendering  the 
port  of  LaEochelle  accessible  to  the  largest  ships,  the  idea  of  improv- 
ing the  present  j^ort  has  been  given  up,  and  it  has  been  decided  to  con- 
struct a  new  maritime  establishment  at  La  Pallice.  This  port,  now 
oj^ened  to  navigation,  ojjens  upon  a  roadstead  of  the  first  order,  per- 
fectly i^rotected  in  every  part.  The  outer  port  is  excavated  to  the 
elevation  —  5  m.,  so  that  the  depth  of  water  at  high  tide  is  between 
9.65  and  11.55  m.,  and  at  low  tide  between  5  and  6.95  m.  The  depth 
in  the  basin  is  not  more  than  1  m.  less  than  that  in  the  outer 
port.  The  cost  of  establishing  this  new  port  has  been  but  slightly 
increased  by  the  rocky  nature  of  the  bottom,  which  is  solid  enough  for 
foundations,  and  not  solid  enough  to  make  the  excavation  very  costly. 
The  west  coast  of  France  has  thus  been  provided  with  a  safe  and  deei> 
port ;  its  absence  had  been  regretted,  and  might  have  become  serious 
under  certain  circumstances. 

Flushing,  which  has  for  a  long  time  been  one  of  the  principal 
means  of  maintaining  the  depth  in  channels,  can  no  longer  render  real 
service  under  the  new  conditions;  it  has  been  almost  wholly  abandoned, 
notably  at  Dunkirk  where  the  system  was  very  fully  develoiied,  and 
has  been  replaced  with  advantage  by  dredging.  But  at  Honfleur,  with 
the  special  conditions  of  filling  up  which  threatened  this  port,  flush- 
ing has  not  only  been  maintained,  but  has  been  further  developed,  a 
new  flushing  basin  having  been  built.  Very  ingenious  and  interesting 
arrangements  have  been  adopted,  in  order  to  fill  this  basin  at  will 
exclusively  with  sea  water  during  high  tide,  in  order  to  jirevent  as 
much  as  jjossible  the  entrance  of  muddy  water.  The  supply  weir 
established  for  this  purpose  works  excellently. 

Chapter  2. — Intekiok  Aebangements  of  Ports. 

The  interior  arrangements  of  the  jjorts  have  also  undergone  great 
modifications.  The  old  works  have  generally  been  retained,  but  new 
ones  have  been  constructed  to  receive  large  vessels,  and  satisfy  the 
increase  in  traffic. 

Nearly  all  the  ports  have  been  sujiplied  either  with  new  wet  docks, 
or  with  deei^-water  quays.  Wet  docks  have  been  constructed  at  Dun- 
kirk, Calais,  Dieppe,  St.  Valery-en-Caux,  Fecamp,  Havre,  Honfleur, 
Granville,  St.  Malo  and  St.  Servan,  Le  Legue,  St.  Brieuc,  PaimiJol, 
St.  Nazaire  and  Eochefort.  • 
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Tidal  quays  and  open  docks  have  been  constructed  at  Boulogne, 
Tr^port,  Rouen,  Caen,  Calais,  Lorient,  Nantes,  Les  Sables-d'Olonne, 
and  Bordeaiix.  The  ports  of  the  Mediterranean  and  of  Algeria  have 
also  received  noticeable  improvements.  Important  works  have  been 
executed  at  Marseilles,  Cette,  Nice,  Bastia,  Ajaccio,  Alger,  Oran,  Bone 
and  Phillippeville. 

Locks  larger  and  deeper  than  those  Avhich  have  previously  existed 
have  been  established  in  certain  cases,  in  order  to  give  ships  sufficient 
access  to  basins.  This  has  been  the  case  notably  at  Cherbourg,  Trou- 
ville,  etc.  The  dimensions  of  the  locks  and  the  depths  of  basins  and 
docks  have  been  varied  according  to  the  types  of  ships  which  frequent 
the  different  j^orts.  The  width  of  the  locks  thus  constructed  has  not 
been  less  than  30  m.  at  Havre,  25  m.  at  St.  Nazaire  and  Dunkirk,  22  m. 
at  La  Pallice  and  21  m.  at  Calais  and  Dunkirk.  The  most  of  them  are 
provided  with  a  chamber  of  large  dimensions:  172  and  117  m.  at 
Dunkirk;  167.50  m.  at  La  Pallice;  150  m.  at  St.  Nazaire,  133.50  m.  at 
Calais;  100  m.  at  Fecamp. 

The  elevations  of  the  lift  wall  are  — 5  m.  at  Dunkirk;  — 4  m. 
at  La  Pallice;  — 1.75  m.  at  St.  Nazaire  and  Calais,  etc.  The  heights  of 
the  quay  walls  recently  constructed  have  often  been  considerable, 
especially  in  the  outer  ports,  where,  at  the  same  time,  depi-essicns  have 
been  excavated  in  which  shijjs  remain  afloat  at  low  tide.  This  arrange- 
ment has  been  adopted  at  Calais,  Boulogne  and  Dieppe,  as  well  as 
other  places,  for  the  packets  in  the  service  with  England,  and  it  is  also 
found  in  the  project  adapted  for  Havre.  The  quay  of  the  outer  port 
of  Calais  is  founded  for  part  of  its  length  at  the  elevation  —  10  m., 
which  gives  it  a  total  height  of  19  m. 

The  c(»istruction  of  new  works  is  often  effected  under  particularly 
delicate  conditions,  on  account  of  the  nature  of  the  bottom.  The 
basin  of  Penhouet,  at  St.  Nazaire,  the  third  wet  dock  at  Kochefort, 
and  the  quays  of  Bordeaux  especially,  have  been  founded  in  mud  of 
great  depth.  Recourse  has  been  had  to  the  use  of  masonry  wells, 
sunk  by  excavation  through  the  shaft,  as  had  i)reviously  l)eeu  done  at 
Havre  and  at  the  wet  dock  of  Bordeaux.  The  inclination  of  the  rock 
uijon  which  the  wells  rested  at  St.  Nazaire  required  its  blasting  into 
stejis  and  the  constritction  of  masonry  beneath  the  Avells,  which  has 
considerably  increased  the  difficulties  of  this  work. 

At  Rochefort,  the  inflow  of  material   beneath  the  wells  has  very 
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much  hindered  the  foundation  work.  Under  certain  circumstances 
this  sinking  could  be  accomplished  only  by  the  use  of  compressed 
air.  The  shaft  in  the  interior  of  the  mass  is  in  this  case  filled  to  a 
certain  height  with  masonry  save  in  the  central  portion,  where  a  pipe 
is  jilaced  surmounted  with  an  air  chamber,  serving  for  the  extraction 
of  the  earth  and  the  entrance  of  materials.  The  lower  part  of  the 
shaft  presei-ves  its  full  dimensions  and  serves  as  a  working  chamber. 
Under  these  conditions,  there  is  left  remaining  in  the  masonry  only 
350  kg.  of  iron  per  block.  The  excavation  for  the  blocks  was  made 
by  a  water-jet,  the  earth,  particularly  at  Calais,  being  composed  of 
homogeneous  sandy  material. 

The  masonry  blocks  have  often  large  dimensions  in  jilan :  8  x  8  m.  at 
Calais,  and  10  x  6.70  m.  at  Havre.  At  Bordeaux,  some  blocks  have  been 
sunk  32  m.  long  by  6  m.  wide.  The  descent  is  made  very  regularly  by 
taking  proper  care,  and  blocks  which  have  become  inclined  for  any 
reason  can  be  straightened  up  without  difficulty.  This  mode  of  con- 
struction has  even  been  employed  with  great  success  in  works  executed 
at  i^oints  on  the  shore  directly  exposed  to  the  sea.  The  jetties  of 
Trouville  and  of  Calais  and  i^art  of  the  quays  of  the  west  dock  of  the 
Bellot  basin  were  founded  under  these  conditions. 

Water-jets  have  also  been  employed  on  a  large  scale  for  sinking 
stone,  and  also  wooden  sheet  piles,  especially  at  Calais,  Honfleur  and 
Dunkirk.  This  method  is  very  rajjid  and  economical.  At  Calais  the 
sinking  of  a  section  of  sheet  piling  1.80  m.  to  a  depth  of  2.50  m.  was 
effected  on  an  average  in  1  hour  and  10  minutes,  while  the  driving 
with  a  hammer  required  8  hours  30  minutes.  The  thickness  of  the  sheet 
piling,  moreover,  could  be  reduced  from  0. 12  to  0. 08  m. 

Compressed  air  has  been  employed  to  a  considerable  extent  in  the 
execution  of  the  works,  because  of  the  facilities  which  it  offers  and  its 
relatively  economical  cost  in  permeable  soils  full  of  water.  The  jetties 
of  Dunkirk  were  founded  by  this  method,  as  well  as  the  quay  walls  of 
Dunkirk,  Calais,  Boulogne,  Fecamp  and  Bordeaux. 

In  the  construction  of  the  water  barricades,  iron  is  substituted  in 
part  for  wood,  which  i:)reviously  was  alone  emjiloyed;  but  the  latter  is 
still  used  almost  exclusively  in  the  construction  of  frame  quays. 
Among  the  recent  metallic  barricades  we  may  note  those  of  Havre, 
Dieppe,  Fecamp  and  St.  Valery-en-Caux.  Metallic  structures  present 
imi^ortant  advantages  as  to  strength  and  durability. 
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The  gates  of  the  locks  are  now  eonstviicteil  almost  exchisively  of 
irou.  It  is  becoming  more  and  more  difficult  to  find  timber  Avhich  will 
give  the  rectangular  cross  section  of  the  size  required  for  gates  of  large 
dimensions.  Irou  gates  are  more  rigid;  the  joints  do  not  constitiite  the 
weak  points  as  in  wooden  structures;  the  plating  of  irou  gives  to  the 
structure  a  stiflfness  and  invariability  of  form  which  cannot  be  obtained 
with  wooden  gates,  in  spite  of  the  use  of  brackets,  straps  and  bands. 
Moreover,  metallic  gates,  by  the  use  of  air  chambers  conveniently 
placed  and  of  sufficient  dimensions,  can  bear  at  pleasure  much  or  little 
ui)on  the  lower  i3ivot,  and  the  load  remains  jiractieally  constant,  what- 
ever may  be  the  height  of  water  at  which  the  oiDerations  of  oj)ening  and 
closing  take  place.  They  last  much  longer  than  timber  work,  and  cost 
much  less  for  locks  of  large  dimensions.  The  reduction  of  cost  was  not 
less  than  25^*^;^  for  the  gates  of  the  west  lock  of  the  Freycinet  basins  at 
Dunkirk,  and  30/o  for  the  gates  of  the  locks  for  transatlantic  shi^DS  at 
Havre. 

At  Dunkirk,  Havre,  and  several  other  jjlaces,  a  few  gates  are  made 
up  of  vertical  members  bearing  against  an  upper  and  a  lower  girder, 
instead  of  using  a  series  of  horizontal  members.  In  this  system,  which 
is  economical  when  the  height  api^roaches  or  is  less  than  the  length, 
the  i^ressure  is  distributed  very  favorably.  The  sill  supi^orts  the 
larger  part  of  the  load  and  the  dimensions  of  the  vertical  members  can 
be  calculated  exactly;  on  the  contrary,  in  the  system  of  multiple 
girders,  one  is  obliged  to  make  hypotheses,  and  to  make  up  for  the 
uncertainty  of  the  methods  of  calculation,  it  is  necessary  to  sensibly  in- 
crease the  dimensions  in  order  to  leave  no  doubt  as  to  strength.  Hori- 
zontal multiple  girders,  which  are  necessarily  near  together,  render 
moving  around  and  inspection  in  the  interior  compartments  more  diffi- 
cult than  vertical  members;  the  latter  divide  the  gate  into  passages  in 
which  one  can  move  about  easily. 

The  substitution  of  a  single-leaf  gate  has,  in  some  cases,  been  advo- 
cated for  the  double  miter  gates,  which,  up  to  a  very  recent  time,  were 
exclusively  used  for  closing  locks,  in  order  to  reduce  the  dimensions  of 
the  framework.  The  single  leaf  is  easier  to  operate  and  does  not 
present  the  same  causes  for  wear  and  destruction  as  the  double  miter 
gates.  These  latter  should  be  exactly  of  the  same  length  as  the 
miter-sill;  they  should,  moreover,  bs  always  closed  together  and  well 
placed  relatively  to  each  other,  conditions  which  it  is  difficult  t.>  ful- 
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fill,  especially  in  operating  the  gates  of  a  lock  in  service,  or  when  the 
sea  is  rolling. 

The  single  leaf,  on  the  contrary,  always  bears  well  upon  the  frame 
and  sill,  and  it  is  easy  to  prevent  the  single  leaf  from  striking  by  hold- 
ing the  free  post  by  means  of  a  bolt  or  hook.  On  the  contrary,  the  use 
of  gate  hooks  or  springs  only  imperfectly  prevents  the  striking  of  gates 
mitered  against  one  another,  and  the  deterioration  which  these  repeated 
blows  produce.  Gates  with  a  single  leaf  have  been  adopted  for  the 
locks  of  Tancarville  and  Fecamp,  which  ai'e  16  and  18  m.  in  width  of 
Oldening.  It  cannot  be  doubted  that  this  system  will  become  more 
general,  having  given  the  excellent  results  mentioned  in  these  two  cases. 

The  breakwaters  and  quays  built  in  the  Mediterranean  have  been 
constructed  in  enrockment  of  natural  or  artificial  blocks,  the  handling 
of  which  has  been  facilitated  by  a  special  machine  permitting  the  use 
of  blocks  of  large  dimensions. 

Chapter  3. — Docking  Apparatus. 

In  1876,  Marseilles,  Havre,  and  Bordeaux  were  the  only  ports  in 
France  in  which  there  were  dry  docks.  In  the  other  jiorts,  the  means 
of  rejjair  consisted  almost  exclusively  of  ways  and  pontoons  for  careen- 
ing; wooden  floating  docks  had,  however,  been  established  at  Havre 
and  Marseilles.  Since  that  date  dry  docks  have  been  constructed  at 
Dunkirk,  Calais,  Dieppe,  Havi'e,  Cherbourg,  Paimpol,  St.  Nazaire,  La 
Pallice,  Bayonne  and  Marseilles.  Kepairing  slips  have  been  built  at 
Dunkirk,  Bordeaux  and  Eouen. 

Dry  docks  render  the  greatest  service  to  navigation,  and  especially 
to  iron  ships,  whose  bottoms  require  frequent  repainting.  The  docks 
at  Dunkirk,  Marseilles,  La  Pallice  and  Havre  can  receive  the  largest 
ships;  they  have  lengths  between  170  and  200  m.  Their  construction, 
which  was  relatively  easy  at  St.  Nazaire,  La  Pallice  and  Marseilles, 
where  the  material  is  rock,  has  presented  great  difficulties  in  other 
ports,  an  account  of  the  nature  of  the  eai-th  and  the  abundance  of 
springs.  In  order  to  jjut  in  foundations  one  has  been  forced  to  employ 
either  masonry  wells  sunk  by  excavating  through  the  shaft,  as  at  Bor- 
deaux, or  caissons  with  comjjressed  air,  as  at  Bayonne.  The  walls 
usually  have  only  a  small  number  of  offsets.  The  blocks,  the  height  of 
which  varies  from  0.90  to  1.10  m.,  are  metallic  in  the  most  recently 
constructed  docks. 
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Poutoon  gates  have  been  preferretl  to  abutting  gates  for  closing  tlie 
entrances  to  dry  docks,  as  being  tighter  and  occupying  less  length. 
The  increase  of  time  required  to  operate  them,  and  the  necessity  of 
having  a  relatively  large  force  of  men,  does  not  constitute  a  serious 
inconvenience,  having  given  plenty  of  time,  and  the  number  of  work- 
men necessary  for  these  operations  as  well  as  for  blocking  ui3. 

The  apparatus  for  emptying  is  generally  composed  of  two  separate 
parts,  one  consisting  of  centrifugal  pumjjs  of  large  dimensions,  de- 
signed for  emptying  the  basin,  the  other  consisting  of  centrifugal 
pum25s  or  piston  pumps  indifferently,  used  for  keeping  it  empty.  The 
large  docks  of  Dunkirk  and  of  La  Pallice,  which  contain  44  000  cu.  m. 
of  water  each,  can  be  emjjtied  in  three  and  a  half  hours,  and  those  of 
Calais  and  Havre,  which  contain  32  000  cu.  m.,  in  three  hours.  Gen- 
erally the  steam  engines  operate  the  pumps  directly;  nevertheless, 
belts  are  used  at  Calais  and  St.  Nazaire.  The  installation  has  been 
made  so  that  the  service  may  be  assured  in  case  of  cleaning  or  repair 
of  a  boiler  or  engine. 

Chapter  4. — Impbovement  of  Makitime  Eiveks. 

Considerable  work  has  been  undertaken  on  the  Seine,  the  Loire 
and  the  Garonne,  in  order  to  facilitate  the  access  of  ships  to  the  ports 
of  Rouen,  Nantes,  and  Bordeaux.  On  the  Seine,  the  jetties  commenced 
in  1848  have  not  been  extended  above  Berville;  but  in  the  river,  the 
banks  have  been  straightened  and  important  dredging  has  been  done, 
notably  across  the  bar  of  Meules,  at  Bardonville,  the  Ile-aux-Oiseaux, 
and  Croisset.  Independently  of  the  recovery  of  over  20  000  hectares 
drained  of  water,  the  improvement  of  the  Seine  has  given  very  satis- 
factory results  to  na\dgation. 

Rouen  formerly  received  boats  of  only  100  to  200  tons  burden, 
having  at  most  a  draft  of  3  to  3.50  m.,  and  reaching  there  in  about 
four  days;  to-day,  boats  having  a  draft  of  5.50  m.  arrive  at  its  quays 
regularly  at  neap  tide,  and  those  of  7  m.  at  spring  tide.  The  tonnage 
of  ships  entering,  which  was  only  263  210  in  1861,  and  418  100  in  1876, 
reached  1  211  435  tons  in  1891.  Ships  now  regularly  ascend  to 
Rouen  on  a  single  tide,  but  the  descent  requires  two.  The  crossing  of 
the  estuary,  which  until  recently  could  only  be  done  by  day,  can  now 
be  done  also  by  night,  on  account  of  the  buoying  of  the  channel  with 
lighted  buoys. 
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On  account  of  the  results  obtained,  the  work  of  prolonging  the 
dikes  in  the  estuary  is  now  progressing.  The  southern  dike  should 
be  continued  to  Honfleur,  the  northern  dike  should  stop  about  3  km. 
above.  This  work  and  the  removal  of  several  shoals  situated  above  in 
the  river  will  result  in  an  increase  in  the  depth  of  water  of  almost 
1  m.  A  law  will  be  presented  to  the  Chamber  of  Deputies  for  the  pur- 
pose of  authorizing  the  execution  of  this  project. 

Since  boats  for  interior  navigation  cannot  venture  into  the  mouth 
of  the  Seine  without  risk  of  serious  danger,  a  canal  has  been  opened 
between  Tancarville  and  Havre,  in  order  to  give  them  access  to  this 
Ijort.  This  canal,  which  is  25  km.  long,  has  a  depth  of  3.50  m.  for  the 
greater  part  of  its  length,  and  6  m.  as  far  as  Havre.  The  structures 
are  so  built  that  this  depth  can  be  extended  throughout  the  whole 
length.  Locks  with  16  m.  openings  and  chambers  180  m.  long  and 
30  m.  wide,  are  placed  at  each  extremity  of  the  canal.  Since  the  open- 
ing of  this  water-way  inland  boats  arrive  easily  at  Havre,  without  having 
anything  to  fear  from  the  bar. 

The  Loii'e  has  been  imjiroved  in  such  a  manner  as  to  allow  access 
to  the  port  of  Nantes  by  ships  drawing  5.50  m.  The  regimen  of  the 
river  has  been  imj)roved  above  by  means  of  longitudinal  dikes,  and 
deejiened  above  and  below  by  means  of  dredging.  But  the  depth  of 
the  intermediate  portion  included  between  the  Garnet  and  the  Marti- 
niere,  in  which  are  found  numerous  shallow  jjlaces,  apparently  cannot 
be  increased  beyond  4.50  m.,  at  least  without  excessive  expense.  It 
has  therefore  been  decided  to  open  a  lateral  canal,  15  km.  long,  to  the 
right  of  this  section;  this  canal  is  terminated  at  each  end  by  locks  of 
18  m.  opening,  -with  chambers  100  m.  long  by  40  m.  broad.  The  breadth 
of  the  basin  is  24  m.  at  the  bottom.  It  has  been  open  to  navigation 
since  September,  1892,  but  the  deepening  of  the  Loire  will  not  be 
finished  until  next  year. 

The  imisrovement  of  the  up^jer  Gironde  and  of  the  maritime  Garonne, 
from  Pauillac  to  Bordeaux,  which  was  begun  a  long  time  ago,  has 
received  a  new  impulse  since  the  passage  of  the  law  of  August  3,  1881, 
appropriating  a  sum  of  30  000  000  francs  for  the  execution  of  the  works. 
The  pass  of  the  point  of  Ambes,  which  was  one  of  the  greatest  obstacles 
to  navigation,  has  been  deepened,  as  has  also  the  bar  of  Beychevelle; 
the  Cazeau  Isle  and  the  Isle  of  the  North  have  been  removed,  and  the 
point  sei^arating  the  Garonne  from  the  Pordogne  has  been  reinforced 
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for  600  m.  of  its  length.  The  dojith  of  Avater  on  the  jjass  above,  which 
at  low  tide  was  only  0.90  ui.  in  1869,  and  1.55  m.  in  1888,  is  now  more 
than  4  m.  Upon  the  shoal  of  Beychevelle  the  dredgings  have  shown  a 
ledge  of  soft  rock,  which  roaches  at  some  jjoints  to  within  3.25  m.  of 
low  water-mark.  A  channel  100  m.  wide  presenting  at  least  this  depth 
is  now  open;  it  should  be  deejjened  to  at  least  4.50  m.  or  perhaps  even 
to  5  m.  below  the  level  of  ebb  tide. 

Dredging  has  been  equally  eflfective  upon  the  bars  of  Carriette  and 
of  Bassens.  The  straightening  of  banks  and  dredging  have  been  done 
with  the  object  of  unifying  the  direction  of  the  flood  and  ebb  currents 
in  the  channel  of  Bacalan.  The  depth  of  this  passage  below  ebb  tide 
which  was  only  2.50  m.  in  1860,  will  soon  be  increased  to  3,50  m.  The 
improvetuent  of  the  banks  has  also  permitted  giving  Bordeaux  a  great 
length  of  wharf  and  of  inclined  slips  for  the  loading  and  unloading  of 
freight.  The  works  have  been  carried  on  with  a  view  to  putting  the 
passes  of  the  Garonne  into  a  condition  to  offer  to  large  ships  a  safe  and 
easy  passage  to  the  i5ort  of  Bordeaux  at  all  stages  of  the  tide. 

The  jetties  at  the  mouth  of  the  Adour  have  been  prolonged  a  little 
since  1876;  there  has  resulted  from  it  a  new  lowering  of  the  bar,  which 
is  now  3.10  m.  below  the  level  of  ebb  tide.  The  jetties  clearly  seem 
now  to  have  done  all  that  one  can  attain  by  their  use,  and  attention  is 
being  given  to  increasing  the  depths  by  dredging. 

Chaptek  5. — Whakf  Equipment. 

The  Administration  des  Fonts  et  Chaussees  attends  only  to  the 
construction  and  maintenance  of  harbor  works,  their  apjjroaches  and 
dependencies;  it  generally  does  not  interfere  with  the  location  of  rail- 
roads  which  are  built  by  the  railroad  companies,  nor  with  the  public 
plant,  properly  speaking,  shelters,  store-houses,  tools,  etc.,  which  are 
usually  jjut  up  and  operated  by  Chambers  of  Commerce,  and  some- 
times by  contractors.  A  certain  number  of  navigation  companies  also 
possess  plants  which  they  use  for  their  own  particular  needs. 

The  public  plant  amounted  to  almost  nothing  in  1876;  it  included 
only  an  occasional  machine  for  loading  and  unloading,  and  some  dock 
warehouses,  of  which  only  one,  that  of  Marseilles,  was  conveniently 
provided  with  mechanical  appliances  for  handling  freight.  Since  this 
period  great  progress  has  been  made.  Special  attention  has  been  j)aid 
to  improving  the  systems  of  navigable  water-ways  and  that  of  the  rail- 
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roads,  and  to  putting  them  in  direct  communication  with  the  basins  and 
wharves  of  the  maritime  ports.  Freight  now  arrives  and  departs  much 
more  rapidly  and  at  less  expense  than  formerly.  The  radius  of  action 
or  of  influence  and  the  population  served  by  ports  have  very  much 
increased. 

Tracks  are  built  upon  the  quays  in  nearly  all  the  ports,  even 
those  of  the  second  order;  they  are  placed  according  to  circumstances, 
in  such  a  manner  as  to  permit  either  a  direct  transfer  of  freight  from 
ships  to  car  or  conversely,  or  loading  after  inspection  and  delay  upon 
the  quay  ;  or  storage  upon  the  quay  before  the  arrival  of  the  shij).  In 
certain  cases,  the  tracks  are  also  used  to  facilitate  the  transfer  of 
goods  to  storehouses  after  unloading  from  the  ship. 

Cranes  and  other  hoisting  apparatus  have  been  put  up  in  a  number 
of  ports,  according  to  the  importance  and  nature  of  the  traflSic.  These 
machines  are  operated  by  hand,  by  steam  or  by  hydraulic  pressure; 
the  use  of  electricity  has  been  studied,  but  it  has  not  yet  been  jjut  in 
practice.  Hydraulic  pressure  has  been  adopted,  notably  at  Dunkirk, 
Calais,  Havre,  Eouen  and  Marseilles. 

Sometimes  cranes,  instead  of  being  j^laced  on  shore,  are  put  on 
pontoons.  This  system,  which  jiresents  certain  advantages,  has 
received  its  principal  apjilication  at  Eouen.  Cranes  of  this  nature  are 
used  at  Havre,  at  Dunkirk  and  at  Honfleur. 

Quays  provided  with  rails  and  with  cranes  have  been  used  for  the 
direct  trans-shipment  of  coal  and  minerals  at  Dunkirk,  Dieppe,  Fecamp, 
Rouen,  Le  Havre,  St.  Nazaire  and  Bordeaux.  Other  quays  have  been 
Arranged  with  reference  to  special  traffic;  but  in  most  cases  the  quays 
have  been  arranged  so  as  to  satisfy  in  a  general  way  the  various  needs 
■of  commerce.  Tracks  to  the  number  of  one,  two  or  three  are  then 
placed  along  the  quay  walls,  for  use  in  direct  trans-shipment  between 
ships  and  cars;  another  system  of  two  or  three  tracks  is  placed  for  a 
certain  length  along  the  road  at  the  other  edge  of  the  quay  embank- 
ment or  platform.  The  large  siirface  left  between  these  two  systems 
is  used  for  storage  and  examination  of  freight  which  may  be  received 
and  weighed.  This  surface  is  sometimes  covered,  particularly  when 
the  quay  is  used  for  the  handling  of  valuable  products  such  as  wool, 
cotton,  sugar,  leather,  etc. 

The  ports  which  are  thus  provided  with  sheds  are  daily  increasing 
in  number.     Indej^endently  of  large  ports  like  Dunkirk,  Calais,  Havre, 
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Eoueu,  Ht.  Nazaire,  Bordoaiix  and  Marseilles,  there  are  also  store- 
houses and  shelters  at  Trt'port,  Dieppe,  Caen,  Les  Sables,  La 
Pallice,  etc. 

Aside  from  cranes  of  small  power  (from  1  250  to  1  500  kg.)  serving 
for  the  loatling  and  unloading  of  ordinary  freight,  there  have  been 
l>laced  in  the  isrincijial  jjorts  shears  and  engines  for  masting  able  to 
raise  very  heavy  weights.  There  may  be  cited,  among  others,  the 
shears  at  Marseilles,  120  tons;  at  Havre,  100  tons;  at  Nantes,  60  tons; 
at  Bordeai\x,  50  tons;  at  Dunkirk,  40  tons;  and  at  Havre,  Rotien  and 
Dieppe,  30  tons.  The  most  of  these  machines  are  fixed  on  shore;  bnt 
some  of  them  are  floating,  as  the  40-ton  crane  at  Dunkirk  and  the  80-ton 
at  Havre. 

Chambers  of  Commerce  cover  the  cost  of  construction,  maintenance 
and  ojjeration  of  the  loading  apjjaratiis  and  buildings  by  means  of 
taxes  i^aid  by  those  who  use  them,  and  in  some  cases  by  means  of  a 
tonnage  tax,  collected  from  all  ships  entering  the  port.  This  last 
system,  which  is  resorted  to  when  the  direct  tax  is  insufiicient,  exists 
at  Dunkirk,  Calais,  Bologne,  Dieppe,  Rouen,  Honfleur,  Caen  and 
Bayonne. 

Chaptek  6. — LiGHTHorsEs,  Beacons  and  Sound  Signals. 

Within  a  few  years  some  new  lighthouses  have  been  constructed, 
among  which  we  may  note  the  masonry  lighthouses  of  Vieille  (Finis- 
tere),  of  the  great  Cardinaux  (Morbihan),  of  the  great  Charpentier 
(lower  Loire),  and  Antifer  (lower  Seine).  The  first  three  are  situated 
xxpon  isolated  rocks  in  the  sea.  A  lighthouse  built  upon  a  metallic 
column  on  the  pier  head  of  Port  Vendres  is  interesting  on  account  of 
its  peculiar  construction. 

Important  improvements  have  been  introduced  in  the  apparatus, 
notably  by  the  adoption  of  the  super-radiant  and  flashlight  systems. 
The  siiper-radiant  apparatus,  or  one  of  long  focus,  is  2. 6(5  m.  in  diameter, 
and  i)ermits  of  increasing  the  light  three-fold,  that  is  to  say,  to  the 
jjower  of  an  apparatus  of  the  first  order.  A  light  of  this  system  has 
just  been  installed  at  Antifer. 

The  flashlights  are  characterized  by  flashes  occixrring  at  short  in- 
tervals, and  of  short  duration.  Expei'ience  shows  that  there  is  no 
gain  by  prolonging  the  duration  of  the  flash  from  a  lighthouse  be- 
yond the  minimum  time  necessary  for  the  perception  of  the  full  inteu- 
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sity,  and  further  that  there  is  a  loss  of  light  ptroportional  to  the  excess 
of  time.  The  maximum  efficiency  compatible  with  an  optical  apparatus 
of  a  given  order  is  that  obtained  by  flashing  every  5  seconds,  limit- 
ing the  flash  to  the  minimum  time  of  complete  jjerception,  esti- 
mated at  xo  second,  and  in  carrying  the  intensity  of  the  emitted 
beams  to  a  maximum.  This  last  consideration  requires  the  use  of  a 
single  lens  embracing  a  semi-circumference  in  plan,  and,  therefore, 
concentrating  in  a  single  beam  half  of  the  light  emitted  by  the  lamp. 
With  a  reflector  having  an  efficiency  which  may  be  estimated  at  one- 
third,  the  other  half  of  the  light  can  be  used  in  this  system,  and  thus 
realize  0.83  of  the  total  light.  This  combination  realizes  an  efficiency 
which  has  never  before  been  attained  with  flashing  lights;  but  on  ac- 
count of  the  velocity  of  rotation  which  it  requires  (one  turn  in  five 
seconds),  it  is  necessary  to  give  to  the  beam  a  large  horizontal  diverg- 
ence. This  requirement  limits  the  employment  of  systems  with  a 
single  lens  to  the  fifth,  fourth  and  third  orders,  if  the  dimensions  of 
the  six-wick  burner,  beyond  which  mineral  oil  lamps  cease  to  be  prac- 
tical, cannot  be  exceeded.  With  two  lenses,  each  embracing  a  semi- 
circumference,  half  of  the  total  light  is  utilized,  and  the  type  can  be 
applied  to  all  orders. 

The  new  system  does  not  require  the  use  of  apparatus  with  four 
lenses,  except  for  electric  lights,  in  which  the  dimensions  of  the  light 
ai-e  very  small.  Among  the  appai-atus  constructed  on  this  principle 
there  may  be  noted  one  of  the  fifth  order  with  a  diameter  of  0.375  m. 
established  at  the  lighthouse  in  the  sea  at  La  Teignouse,  and  a  system 
of  four  lenses,  having  a  focal  length  of  0.3  m.,  designed  for  the  electric 
light  north  of  La  Heve.  The  intensity  of  the  beam  emitted  by  these 
lights  is  about  20  000  C.  P.  for  the  first,  and  2  300  000  C.  P.  for  the 
second. 

Flashlights  have  necessitated  the  invention  of  a  new  mechanical 
combination  in  order  to  assure,  by  simjjle  clockwork,  the  rapid  rota- 
tion of  the  heaviest  optical  apparatus.  This  arrangement  consists  in 
carrying  the  optical  part  upon  a  floating  ring  resting  in  a  dish  of  mer- 
cury of  the  same  form.  The  pressure  of  the  liquid  is  calculated  to 
counterbalance  the  weight  of  the  apparatus. 

The  most  important  lighthouses  situated  near  great  shoals,  to 
the  number  of  13,  will  all  be  lighted  by  means  of  electricity.  The 
transformation   has  alreadv   been  made  for  10   of  them.     Numerous 
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improvements  have  been  iutroduceJ  in  the  installation  of  the  last  elec- 
tric lighthouses;  optical  apparatus  permitting  of  an  increase  in  the 
horizontal  angle  included  by  the  lenses;  an  improvement  of  the  rotat- 
ing machine  and  its  accessories;  the  employment  of  hot-air  motors; 
modilications  in  the  disposition  of  the  machines  and  electrical  regulat- 
ors, as  also  the  establishment  of  instruments  of  control.  All  these 
improvements,  especially  the  organization  of  flashlights,  have  been 
designed  and  executed  under  the  direction  of  M.  Bernard,  Inspector- 
Oeueral.  l>y  M.  Bourdelles,  the  Chief  Engineer  of  the  Central  Light- 
house SerA-ice. 

The  last  electric  lighthouses  constructed,  except  that  of  La  Heve, 
have  been  supplied  with  siren  foghorns  cajjable  of  instant  operation 
by  comj)ressed  air. 

Permanent  lights  have  been  established  at  various  points.  After 
having  tried  gasoline  at  the  turret  of  Lavardin,  the  use  of  ordinary 
mineral  oil  is  now  preferred.  The  results  are  satisfactory,  and  it  is  certain 
that  the  light  will  continue  to  biirn,  in  good  condition,  without  attend- 
ance, more  than  two  months.  A  certain  number  of  lights  of  this  nature 
have  lieen  established,  notably  at  Palais  (Belle  Isle),  La  Corne,  St. 
Waast,  the  turret  of  the  Morees  (St.  Nazaire),  etc.  This  system  seems 
appropriate  for  use  in  the  lighting  of  jetties  which  are  inaccessible  for 
a  long  time,  beacon  towers,  and  points  of  secondary  imijortance,  which 
will  not  bear  the  exjiense  of  establishing  and  maintaining  ordinary 
lighthouses. 

Two  lightships  have  been  rebuilt  on  new  designs,  to  rei^lace  those 
which  were  anchored  near  Dyck  and  Ruytingeu,  off  the  coast  of  Dun- 
kirk. The  stability  of  the  ships  has  been  determined  in  such  a  manner 
that  the  pendulum-like  oscillations  of  rolling  and  pitching,  in  calm 
water,  permit  of  no  synchronism  of  their  movement  with  that  of  the 
Avaves.  The  time  of  the  rolling  has  been  doubled,  and  its  amplitude 
has  been  reduced  one-half.  The  lights  have  been  elevated,  and  the 
optical  apparatus  placed  in  a  lantern  sufldciently  large  to  jiermit  of 
the  keeper  looking  after  it  without  its  being  necessary  to  lower  it  ujion 
the  bridge  as  formerly.  This  apparatus  has  lights  with  a  power  which 
attains  1  200  C.  P.,  while  they  did  not  exceed  48  C.  P.  in  the  old 
floating  lights. 

The  floating  light  Ruytingeu  is  supplied  with  a  siren,  working  by 
compressed  air. 
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The  considerable  cost  wliich  was  occasioned  by  the  establishment  of 
floating  lights,  and  especially  the  large  expense  required  for  their  main- 
tenance, has  acted  to  i-estrain  the  use  of  these  costly  machines,  and  to 
replace  them,  as  far  as  jDOSsible,  by  luminous  buoys.  These  buoys 
necessitate  relatively  very  small  expense,  and  their  number  can  conse- 
quently be  multiplied,  in  order  to  reduce  danger,  or  to  indicate  a  route 
to  be  followed,  more  eflicaciously  and  more  economically  than  by  the 
aid  of  lightships. 

The  buoys  of  the  tyjie  called  "a  queue"  are  provided  with  lenses 
0.20  to  0.30  m.  in  diameter,  placed  in  the  lanterns.  The  consiimption 
per  hour  is  from  20  to  30  liters  of  coal-gas,  comjiressed  to  six  atmos- 
pheres in  the  body  of  the  buoy.  The  applications  of  this  system  of 
lighting  become  more  numerous  every  day.  Luminous  buoys  have 
been  established  at  Minquiers,  ujjon  the  shoal  of  Vergoyer,  on  the 
roadstead  of  Dunkirk,  and  to  mark  the  channel  of  the  Seine.  Others 
will  be  placed  in  the  Gironde  and  at  the  entrance  of  the  Loire. 

The  number  of  luminous  buoys  in  use  on  the  coast  of  France  is 
now  61  ;  it  will  be  nearly  100  at  the  end  of  the  year  1893.  The  rapid 
develoijment  shown  is  the  best  demonstration  of  the  value  of  this  new 
method  of  lighting. 

Section  III. — Expenses  xst)  Tratfic. 
Chapter  1. — Expenses. 
The  maritime  ports  of  France  belong  exclusively  to  the  State. 
They  have  been  constructed  from  the  resources  of  its  budget,  and  also 
in  certain  cases  from  local  contributions,  furnished  by  departments, 
cities,  or  chambers  of  commerce.  The  maintenance  is  wholly  at  the 
expense  of  the  State. 

Francs. 
The  first  cost  of    construction   of  maritime  ports, 

from  the  17th  century  to  1814,  may  be  estima- 
ted at  about 130  000  000 

From  1814  to  1876  the  cost  reached 442  000  000 


Total  cost  before  1876 572  000  000 


I 

I 


The  mean  annual  first  cost  of  construction  for  the  52  years  between 
1824  and  1876  was  only  about  8  000  000  francs.  Beginning  with  1876, 
the   annual   exj)enses   increased    rapidly  ;    they    exceeded   20  000  000 
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francs  in   1877  ;    they  reached  52  000  000  francs  in    1883,    and   have 
decreased  since. 

Francs. 

From  1876  to  1891,  inclusive,  there  has  been  spent 
for  the  improvement  of  maritime  ports  a 
total  of 522  600  000 

The  annual  average  for  this  period  of  sixteen  years 

is  thus 32  000  000 

The  greater  part  of  these  expenses  has  been  taken  from  the  national 
budget,  supplied  by  the  general  tax.  The  users  of  a  large  number  of 
ports  have,  however,  been  called  upon  to  contribute  to  the  exj^enses 
by  means  of  special  tonnage  taxes,  collected  at  the  entrance  of  the 
ports.  Parliament  has  a  marked  tendency  to  apjjly  this  system  more 
and  more.  These  local  taxes  are  generally  collected  in  each  port,  at 
the  custom-house,  for  the  benefit  of  the  city  or  chamber  of  commerce, 
which  is  commissioned  to  furnish  grants  to  the  State  for  the  execution 
of  the  works,  the  division  having  been  fixed  by  the  laws  authorizing 
the  works.  The  necessary  funds  for  the  grants  are  borrowed  by  the 
cities  or  chambers  of  commerce,  and  the  lenders  are  reimbursed,  both 
principal  and  interest,  by  means  of  taxes.  The  taxes  cease  to  be  col- 
lected when  the  reimbursement  is  completed.  The  amount  of  the 
subsidies  thus  furnished  from  1876  to  December  31st,  1891,  was  almost 
80  000  000  francs.  The  amount  of  local  taxes  during  the  same  period 
rose  to  nearly  56  000  000  francs. 

For  the  division  of  the  exj^enses  and  grants  which  we  have  just  in- 
dicated in  round  numbers,  by  ports  and  groups  of  ports,  the  reader  is 
referred  to  a  table  at  the  end  of  this  paper,  in  which  the  conditions 
of  the  ports  are  presented  for  the  years  from  1876  to  1891,  as  to  ex- 
l^ense  as  well  as  to  technical  conditions  of  establishment  and  the 
movement  of  ships  and  traffic* 

We  may  especially  mention  here  the  subdivision  of  the  expenses 
contracted  from  1876  to  1891,  by  groups  of  jiorts,  divided  for  the 
purpose  into  three  classes.  The  traffic  for  1891  has  been  taken  as  the 
basis  for  the  classification.  There  is  ranged,  in  the  first  class,  com- 
mercial ports  in  which  the  traffic  in  1891  exceeded  800  000  tonnage 
capacity  (ships  entering  and  departing)  ;  in  the  second  class,  commer- 
cial jjorts  in  which  the  traffic  was  between  80  000  and  800  000  tonnage 
*In  this  connection,  see  annexed  Table  No.  1. 
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capacity  ;  in  the  third  class,  the  small  commercial  ports  and  fishing 
stations,  of  which  the  traffic  was  less  than  80  000  tonnage  capacity. 
The  expenses  are  divided  in  the  following  manner  : 

Francs.  Percent. 

10  ports  of  1st  order 354  217  000  67.7 

28  ports  of  2d  order 131  534  000  25.2 

172  ports  of  3d  order 36  855  000  7.1 

210  ports.     Total 522  606  000  100 


On  collecting  the  figures  for  the  tonnage  capacity  of  loaded  shijjs 
and  those  in  ballast  also,  it  will  be  found  that  this  tonnage  ■wall  be 
divided  in  the  following  manner  between  the  same  groups  of  ports  : 

Tonnage  Capacity.  Percent. 

Ports  of  1st  order 33  438  000  76.3 

Ports  of  2d  order 7  898  000  18.0 

Ports  of  3d  order 2  500  000  5.7 

Total 43  836  000  100 


If  we  take  account  of  the  fact  that  the  great  jjorts  have  to  serve 
multiple  interests  outside  of  the  commercial  traffic,  such  as  that  of 
passenger  and  mail  service,  and  that  the  small  joorts  constitute,  also,  a 
refuge  for  the  innumerable  fleets  of  fishing-boats  of  which  the  tonnage 
does  not  figure  in  the  numbers  given  above,  we  will  find  that  the 
expenses  of  first  establishment  are  divided  very  exactly  in  proportion 
to  the  commercial  importance  of  the  jjort. 

Chaptek  2. — Movements  and  Tbatfic. 

We  shall  distinguish  in  our  statistics  : 

First. — Navigation  along  the  coast  between  French  ports. 

Second. — Navigation  from  French  j^orts  to  foreign,  and  conversely. 

The  coasting  trade  between  French  jjorts  was  represented  in  1875 
by  a  tonnage  capacity  of  7  950  000  tons  (both  arrivals  and  departures). 
This  tonnage  had  increased  in  1891  to  12  233  000  tons,  and  is  a  very 
noticeable  increase. 

The  movement  of  navigation  between  French  jjorts  and  foreign 
ports  was  measured  by  a  total  tonnage  capacity  (arrivals  and  de- 
partures of  loaded  ships  and  ships  in  ballast)  of  16  717  000  tons  in  1875, 
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and  31  603  000  tons  in  1891.     The  total  has  increased,  in  round  num- 
bers, from  2i  600  000  to  nearly  U  000  000  tons. 

The  importance  of  foreign  maritime  commerce  depends  on  the  im- 
portance of  the  general  commerce  outside  of  the  country.  It  ^dll  then 
be  useful  to  give  a  glance  at  different  periods  to  general  commerce 
outside  of  France.  A  table  will  be  found  in  the  appendices  to  this 
memoir  in  which  the  movements  of  foreign  commerce  are  brought 
together  for  the  follo\s-ing  dates  :  1827,  1847,  1859,  1875,  1891,  and 
where  the  figures  are  given  relative  to  the  movement  of  values,  w^eights 
(at  least  since  1859),  tonnage,  separated  into  internal  movements  and 
maritime  movements,  importations  and  exportations,  national  flags 
and  foreign.  * 

We  will  not  here  analyze  this  table  previous  to  1875.  We  note  that 
in  value  as  in  weight,  the  maritime  movement  is  always  greater  than 
the  inland  movement,  and  that  it  is  undergoing  a  rapid  extension.  In 
1875,  the  maritime  movement,  lea\dng  out  that  of  passengers  and  mail 
service,  amounts  to  11  320  000  tons  of  freight,  valued  at  6  101  million 
francs. 

In  1891  these  figures  had  reached  respectively  20  894  million  tons 
for  freight,  and  7  SOi  million  francs  for  value. 

Such  figures  suffice  to  justify  the  considerable  expenses  which 
France  has  contracted  for  the  improvement  of  her  maritime  ports.  But 
this  analysis  may  be  carried  farther.  The  11  320  000  tons  of  freight  of 
foreign  commerce  were  transjjorted,  in  1875,  by  ships  of  a  total  ton- 
nage (both  arrivals  and  de^jartures)  of  13  470  000  tonnage  capacity 
(tonnage  of  loaded  ships).  If,  to  give  the  total  movement,  we  add  the 
ships  in  ballast,  the  tonnage  is  increased  to  16  717  000  tons.  In  1891, 
when  the  weight  of  freight  had  increased  to  20  894  000  tons,  the  ton- 
nage of  shii^s  loaded  had  increased  to  25  136  000  tons,  that  of  ships 
loaded  and  in  liallast  to  31  603  000  tons. 

The  substitution  of  steam  vessels  for  sailing  vessels  has  notably 
increased;  as  early  as  1875,  steamships  represented  a  tonnage  of 
10  350  000  tons  out  of  a  total  of  16  717  000  tons,  or  62  per  cent.  In 
1891,  out  of  a  total  tonnage  of  31  600  000  tons,  steamshii)s  included 
27  506  000  tons,  or  87  per  cent. 

Not  only  do  steam  vessels  include  the  total  increase,  but  they  have 
partially  replaced  sailing  vessels.      The  preponderance  of  the  use  of 

*  See  the  annexed  Table  No.  2. 
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steam  is  also  manifest  in  various  ways  according  to  the  kind  of  navi- 
gation ■wticli  is  considered.  Confining  ourselves  to  European  seas  and 
to  the  basin  of  the  Mediterranean,  with  a  tonnage  of  22  318  000  tons  in 
1891,  steam  navigation  comprised  19  732  000  tons,  or  88  per  cent. 

For  long  distances  (commerce  with  French  colonies  not  included), 
in  a  tonnage  movement  of  5  724  000  tons,  steam  navigation  includes 
only  4  568  000  tons,  or  79  per  cent.  In  the  commerce  with  Algiers  and 
Tunis,  the  total  tonnage  is  2  900  000  tons;  steam  takes  2  852  000  tons- 
sail  navigation  is  absolutely  annihilated.  In  the  commerce  with  the 
other  French  colonies  steam  navigation  plays  a  role  of  much  less  im- 
portance, since  in  a  tonnage  of  530  000  tons,  it  takes  only  358  000  tons. 
It  would  no  doubt  be  interesting  to  follow  this  analysis  of  the 
movement  of  our  maritime  commerce,  but  we  will  refer  to  a  series  of 
tables  which  can  be  found  in  the  aiJi^endices  at  the  end  of  this 
memoir.  * 

What  has  been  said  is  sufficient  to  bring  out  a  new  characteristic 
of  maritime  navigation.  The  remarkable  development  of  steam  naviga- 
tion coincides  with  the  tendency  to  the  concentration  of  maritime 
navigation  in  the  hands  of  a  few  great  comjianies.  These  lines  them- 
selves tend  to  substitute  na\T.gation  in  a  circuit  for  direct  navigation 
between  two  ports.  A  certain  ship  sailing  at  a  fixed  date  completes 
its  loading  for  a  certain  number  of  ports  included  within  a  certain 
radius.  Upon  its  route  and  at  its  destination  it  takes  on  and  dis- 
charges freight,  and  thus  attains  a  reasonable  utilization  of  a  cajjacity 
enlarged  for  the  purpose  of  reducing  the  general  exjjenses  pei'  ton 
capacity. 

In  France,  this  tendency  has  been  increased  by  the  concession  to  a 
few  companies  of  the  monopoly  of  postal  transjjortation,  and  of 
privileges  in  what  relates  to  the  transjjortation  of  passengers  and  ocean 
expressage.  The  annual  subsidies  given  to  these  companies  by  the 
State  now  exceed  25  000  000  francs.  Premiums  for  navigation  by  long 
voyages  have  also  contributed  to  the  development  of  regular  lines  of 
freight  boats  between  France  and  North  and  South  America,  and  the 
countries  of  the  extreme  east. 

At  the  same  time  that  regular  lines  and  circuit  navigation  developed, 
it  is  rational  to  suppose  that  the  capacity  of  shii^s  would  increase. 
This  can  be  seen  from  the  following  table  where,  formed  for  showing 

*  See  annexed  Tables  Nos.  3  and  4. 
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tlie  increase  in  our  exports,  "which  divides  ships  by  the  kind  of  navi- 
gation. The  comparison  for  the  years  1875  and  1891  is  for  sailing  ves- 
sels and  steam  vessel: 


AVEEAGE  CaPACITT. 

Kind  of  Navigation. 

In  1875. 

In  1891. 

Sail. 

Steam. 

Sail. 

Steam, 

European  Seas,  except  Algeria 

Tonnage. 
121 
160 
432 
318 

Tonnage. 

333 

525 

1  671 

644 

Tonnage.       Tonnage. 
195                 SIS 

160 

713 

Seas  outside  of  Europe,  except  the  Colonies 
Colonies 

696 
385 

1  987 
1  500 

We  see  that  the  increase  of  average  capacity  is  considerable.  This 
increase  is  especially  remarkable  for  steamships,  and  particularly  for 
the  navigation  of  seas  outside  of  Europe. 

In  order  to  complete  the  account  of  the  transformation  which 
maritime  navigation  has  undergone,  the  effect  of  which  has  reacted 
upon  our  ports  and  has  necessitated  the  important  works  considered 
above  we  believe  that  it  vnll  be  equally  interesting  to  note  the  modifica- 
tions which  have  been  effected  in  the  French  ships  attached  to  our 
ports.  These  modifications  moreover  confirm  the  observations  made 
at  the  time  on  the  movements  of  ships,  in  arrival  and  departure. 

Coasting  Trade  Between  French  Ports. — In  1875,  the  number  of  sail- 
ing vessels  employed  in  the  coasting  trade  was  2  460,  the  total  tonnage 
capacity  being  96  927  tons  ;  the  average  tonnage  was  39  tons.  The 
number  of  steam  vessels  engaged  in  the  same  service  was  144,  with  a 
total  tonnage  capacity  of  12  859  tons  and  the  average  tonnage  was  89 
tons.  In  1891,  the  number  of  sailing  vessels  had  decreased  to  1725, 
with  a  tonnage  capacity  of  86  319  tons  and  an  average  tonnage  of  50 
tons.  The  number  of  steam  vessels  had  increased  to  145,  with  a  total 
tonnage  caj^acity  of  13  773  tons,  an  increase  of  one  vessel  and  914  tons. 
The  average  tonnage  had  increased  to  95  tons. 

Navigation  of  the  European  Seas  and  of  the  Meditei-ranean. — In  1875, 
the  number  of  French  sailing  vessels  was  893,  with  a  tonnage  capacity 
of  45  197  tons,  and  an  average  tonnage  of  51  tons.  The  number  of 
French  steamers  was  152,  with  a  total  tonnage  capacity  of  78  476  tons 
and  an  average  of  516  tons.     In  1891,  the  number  of  sailing  vessels  had 


68  GUILLAIN  ON  NAVIGATION  WORKS  IN  FRANCE. 

decreased  to  280,  with  a  tonnage  capacity  of  53  526  tons  and  an  average 
of  191  tons.  The  number  of  steam  vessels  has  increased  to  290  and 
the  tonnage  capacity  to  165  985  tons,  gaining  98  ships  and  87  509  ton- 
nage.    The  average  cajjacity  has  increased  from  191  to  664  tons. 

Navigation  of  Seas  Outside  of  Europe. — In  1875  the  number  of  French 
sailing  vessels  was  1  084,  with  a  tonnage  capacity  of  338  261  tons,  and 
an  average  tonnage  of  312  tons.  The  number  of  French  steamships 
was  78,  with  a  tonnage  capacity  of  97  865  tons  and  an  average  of  1  255- 
tons. 

In  1891,  the  number  of  sailing  vessels  had  decreased  to  324  with  a 
tonnage  capacity  of  136  574  tons  and  an  average  of  421  tons,  an  appre- 
ciable increase  over  the  average  of  1875.  The  number  of  steamships 
had  increased  to  187  and  the  tonnage  capacity  to  319  279  tons,  gaining 
109  ships  and  a  tonnage  of  217  414  tons. 

At  the  same  time  with  the  average  capacity,  the  dimensions  of 
ships  in  length,  in  breadth  and  in  depth,  have  undergone  a  con- 
siderable increase.  The  averages  it  will  not  be  worth  while  to 
give  here,  but  if  reference  is  made  to  the  data  upon  steamships  pub- 
lished by  the  Bureau  Veritas,  it  may  be  noted  among  the  fleets  of  the 
transatlantic  companies  ships  with  dimensions  exceeding  160  m.  and 
even  188  m.  in  length,  20  m.  in  breadth  and  9.50  m.  draft. 

In  view  of  the  necessity  of  serving  a  constantly  increasing  traflfic 
under  the  conditions  indicated  above,  and  of  permitting  the  entrance 
of  ships  whose  dimensions  are  continually  increasing,  it  is  evident  how 
urgent  is  the  necessity  of  adapting  our  ports  to  these  new  require- 
ments. 

By  referring  to  the  annexed  Table  No.  1,  it  will  be  seen  that  the 
depths  at  the  entrance  and  in  the  channels  of  our  principal  ports  have 
been  sensibly  increased.  The  useful  lengths  of  the  quays,  which  in 
1876  amounted  to  139  732  m.,  have  increased  to  194  428  m.  These 
figures  are  destined  to  increase  rapidly.  The  proportional  increase  is, 
moreover,  much  more  considerable  than  the  absolute  figures  seem  to 
indicate,  for  it  has  taken  place  almost  exclusively  in  jDorts  of  the  first 
order,  where  the  lengths  are  doubled.  Moreover,  the  equipment 
works  have  had  the  effect  of  increasing  the  use  and  efficiency  of  the- 
port. 
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!  o(uit«mplAt«d. 


Al^PENDIX  No.  1— (Co«fm«cd). 


!  I  MtDlmnm  dopth  of  wftier  ■tftntrinoe 

'  !  '  I  uA  In  the  channel. 

Total  ton-  Total  quui-i .     _ 

nac«  ^ap*-    Ay»^.    t*.m^   tity  offish  ,  i 

^-""  ,^.!;n/7?    ^(■"'T^'"'      A****!!*'      '      AthiRh  AtlOW 

oouna*««       i«»fcv.\       toDdoflOOoi    water  of         water  of        waterof 
out-bound).  *'^'  kg.K       I       mean         mlDimnm  '  mtnlmDm 

'■priog  tide.    Doap  tiilo.    nprlng  llde. 


*•??"'      water. 


Expenaoi  for  worka  of  coDslractlon  and  ImproTementOn  franca). 


Inoarred 
from  1616 
to  1601. 


Remaining  to  bo  donei  Probable 

Total,  In-       for  the  complclionof,  date  of 
eluding  1691.    the  works  declared  ot  I       com- 

I  public  booeflt.  pletion. 


Snbsldiea  glTen  to  the  State  Qn  franca). 


BubaldieB  giren  or  to  be  glv^D  by^  Totidnedfaii 

dtlea,  departmenta  and  Chamt>era  Exiating  tonnaxe  duties  granted  la  reCnra  lii»— fti  lailia  I 
of  Commerce   for  worka  of  Im^i    for  tbeae  aubaldlea.  1991  to  MR,  I 

prorement  executed  since  1676.     j  itettra. 


(1    8I4M8 
.  1      1  017  TSa 

MSMO 

OTOTOe 

•  060    ( 

6  613     1 

-•; 
n.»7 
11-67 

4.«: 

8.97 

897 

1000 

3  780 
2  780 

HOO 
1118 

IIGO 

i-00 

3  898 

3  930 

1  19  BOO  000 

19  400  000 

89  200  000 

2100  000 

1894 

16) 
6  432  777 

(  0.30  ftmne  per  too  of  capMttypIiu  1  b%ac  i 
J     per  puMngCT  going  or  eommg  (Uw  oi  ! 
( ,    Angtut  3d.  1881).                                          ) 

•okn* 

3.10 
3-60 

1*9  ta 

I    II  SOI  VIS 

.  !      20  741  248 

:  ;8i  M4 

13  669  287 

41  4tS 

87  900 

10  820 

39  643 
43  136 

&s;i 

6  430 

6  868 

a  ino 

46  979 

60  004 

j  230  eU  786 

308107  703 

647  864  488 

83  613  388 

61  467  340 

i                                                                        1 

f         ( 

1  Port  Pniper i 

MI6«4 

•18  647 

»8«46 
S47  036 

8  918 

•.38 
6.53 
6-63 

10.80 
1080 

9.a0 

9.60 

9.60 
6.68 

6.28 

11.12 

4.80 

4.90 

7-40 
Ooter  port 

o.oa 

620 

7.70 
o.«ci 
eetj 
8.60 
4.00 
6.00 

660 
e.co 

8.00 

800 

4.88 
603 
603 

9.30 
9-30 
4.80 
4.60 

480 

4.78 

6.48 

800 
».«8 

893 

8-93 

ft  or  Caen. 

3.0CI 

4.00 

6  80 
of  OiiiBlreli 
4.00 
4  60 
610 
4..'>U 
4..'.0 

460 
:i.ao 

4.70 

620 

4.84 
634 
6-34 

1.;* 

1.88 
188 

6.16 
6.16 

1888 
1710 

1710 

1  600 

1600 

2  sou 

2  493 

2  493 

1  OHM 

2060 

2170 
;."io 

1  916 

1920 

) 

I  Sio 

1  820 

1820 

1  304 

2  20S 

2  206 

U440 

7  926 

8  228 
8.10 

8.70 

870 

768 

762 
762 

Ic) 
610 

610 

i  116 

2  462 

2  462 

3  110 

2  110 
i8(m 

3286 

3  286 

1  imo 

2  060 

2  170 

1  «40 

2  806 

2  810 

1  BiO 

2  120 

2  120 

■J  Sfli 

4  mr, 

m 

7  9i6 

8  226 

1  486 

I  626 

1626 

j     9000000 

220  000 

20  910  000 
11  631  000 
4  098(00 
13  681  000 

3  997  321 

9  647  400 

(0) 
28  872  000 

3  8:98  G22 

9320  000 

20  910  000 
29  439  000 

14  609  000 

(6) 

17  366  709 

16  937  662 

18  408  400 
31  126  683 

C  763  123 

620  000 

1690  000 
393  000 
693  000 
116  000 

to  000 

1896 

1891 
1894 
1896 
1893 

1893 

1800  000 

600  000 

(°)                           1 
124  000                         j 

2  242  012                        j 

779  000 

3848  030 
970  000                         1 

f 
909  333                        ^ 

0.25  flmnc  (d«ree  of  iogust  19tli,  IMOl 

0.33   frmc.   sailing  TesseU :  OJO  ft»nc. 
stMmf-ni;  0.10  frmoc  pte^et  boats  (de- 
tree  of  April  28tli.  18S6). 

0.2SlkuM. 

0.35  franc. 

0.10  franc  per  Ion  of  capacity  for  8>rrtgB 
\es»els  or  for  French   T«ssels  cobub; 
tnm  foreign  ports. 

0.30  franc  p«r  ton  of  capacity  tor  all  iw- 
sela  loaded  or  coming  to  take  load  at  ttM 
port.     Rate  reduced  lo  015  Iranc    Ji.>r 
rescels  of  less  than  HW  tons  and  fcr 
those    doing  regular  service    between 
Chorbourg  and  a  foreign  port. 

-LaBoebeOef 

112  784 

48  031 

1                                    ( 

J    17  798  000 
1     9  611  000 
j     3  776  709 

1    11040  341 

j      B  801  OOO 
j     2  234  682 

j     2  914  600 

4S8  0;i 

645  374 

3tS4:» 

848  206 

SII9 

1300 

* 

792 

792 

• 

J 

i«;  4M 

438  248 

148  4«6 

666  669 

1T9 

696 

S.88 
3.13 

3.66 
5.88 
6.88 
688 

080 

0.30 

2.10 

'0.8I> 

0.90 

m 

l.no 
1-00 
2.30 
2-80 

0.«5 

2.16 
2-16 

-a                                           1 

4U663 

188  490 

864  681 

HBO 
890 

880 

800 

300 

300 

I  200 

1  mm 
1800 

l«S4i 

( 

■ 

tMHH 
408  800 

4:iito 

400  308 

»8  JJI 

443  067 

(!4  ASS 

281698 

f 

4.0     ^ 

430 

KMW 

""■*"" j 

3  030  000 
400  680 

1893 
1893 

*»  <9: 

880  989 

469  100 

69! 
813 

;.«__«^^                                                                                       J 

) 

^^ } 

'•Cb<rt>aw8 j 

Ut«88 

871681 

1*(  98» 

348  818 

tot 

486 

866 

666 

866 

I     JU 



- 

.                 ,  ,, 

,               .y^        «.W* 

Th«  notoa  to  which  reference  la  made  may  be  found  on  the  pagea  following  the  table. 


8). 

Subsidies  given  to  the  State  (in  francs). 

robable 
late  of 
coni- 
letion. 

15 

Subsidies  given  or  to  be  eiven  by 
cities,  deijarlmeuts  and  Chambers 
of  Commerce    for  woiks    of  im- 
provement executed  since  1876. 

16 

Existing  tonnage  duties  granted  in  return 
for  these  subsidies. 

17 

Total  receipts  from 
tonnage  duties  from 
1876  to  1891,  in- 
clusive. 

18 

1893 
1893 


1893 


1893 


(a) 
63  419 

(a) 
926  000 


124  900 
30  000 


(c) 
1  475  000 


0.30  franc  per  ton  of  capacity  from  June 
Ist.  1885,  to  April  7th,  1891  (decrees  of 
May  6th,  1885;  August  25th,  1888:  Octo- 
ber 28th,  1889,  and  May  4th,  1890).  0.55 
franc  per  ton  of  capacity  (decree  of 
April  28th,  1892). 


(d) 
0.75  franc  per  ton  of  capacity  on  yesBels 
loaded  or  coming  to  load  in  port. 


0.40  franc. 


(«) 
291  372 


3  126  314 


7  40    '  ( 

7.40  ) 


( oontemplated' 


APPENDIX  No.  l—^Conlinued). 


.  Tol»l  ton- 

Itraigiiatioii  of  Ite  ports  (wiwiged  "JSt, "jfj*' 

io  order  of  in.porl«l«).  ;  CuU.ii 

,out-bouDd). 


I  Total  quao. 

Goods,  traffic  tity  of  fish 

(In  tons  of    received  (in 

1  000  kg.).     Ions  of  I  000 

kg.)- 


At  high  At  low 

water  of  |  water  of 
iiiiDimtim  i  mluinuim 
neap  tide,    springtide. 


1  ^  l  „r     Slitt  low 
depth  of  , 

water.        *"''^- 


Expenses  for  worki*  of  construction  and  improvemout  (in  frantR). 


Sabsiilies  given  to  the  State  (in  francs). 


Incurred 
from  1870 
to  1891. 


KemainiDg  to  be  done! 
for  th('  completion  of 
the  works  declared  of 
public  betieflt.  | 


for  these  snbsidies. 


Total  rseetpia  tr 

1  retnra.uwift^iy  imttmlr 

ISKloUtl.i::- 


<=Bresl 

Tonnay  Charente . 


'Lea  Sables.. 
•TrouTille... 


'>  Granville 

23  St,  Martin  de  Bae. . 

nBUye 

Fecamp 

Le  Legne 


I     t;  139 

1 

.1        135  931 


Total  for  ports  of  the  second  order  \ 


S0S84 
101366 


119  iU 


SibO 

2  370 


13.60 

11.60 

14.60 


4.IU 

6.60 

6.60 


9.00 

9,60 

9.60 

4.2« 

4,70 

4.70 


H,7S 
6,26 
606 


ll.SO 

13  80 
12.30 


■  8.  So 

3.85 

3  85 


s.ao 

6.60 

6.60 


3  60 

2.30 


I02S 

ir>26 
1626 


674 

674 

«M) 

1010 

1010 

;  iittiiii 

bridgex. 


flying 
bridges. 


3.70 

3.70 

3-70 


606 

696 

696 
I  \iO 

1  170 

1170 
:nu 

:iio 
310 


620 
I  6U0 

1  600 

1600 


1 1  ims 

l;i  7H3 

13  882 


2  320 
2  320 
I  ISO 

1170 

1170 
I  04i> 

1095 
1095 
I  fits? 

1834 

1834 
1  <>-io 

1671 

1671 


7  flyiuB 
bridges. 
660^ 
4  large  fly- 
ing bridges 

I  «a« 

1  71)1 

1731 

U7  4 
1037 
1073 
n.nu 

6  00 
6.  0, 


I  k;o 

1870 

1870 


33  484 
43  720 
44  636 


2  131  280 
99  003 
290  618 
4  219  809 
2  433  315 


1  118  (iue 

626  926 

5  200 

8  010  132 

786  000 


19  677  938 
981 146 
3  292  247 
12  349  85U 
0  619  315 


8  442  SIC 
1  313  907 


258  548 
400  000 


124  SOO 
30  000 


I 

1.30  franc  per  ton  of  capacity  from  June  I 
1st,  18S5,  to  April  7th,  1891  (decfees  of  I 
May  6th,  1885;  August  25th,  18S8:  Octo-  ^ 
ber  28th,  1889.  and  May  4th.  1890).  aas 
franc  per  ton  of  capacity  (decree  of  I 
April  3Sth,  18921.  I 


The  notes  to  which  reference  is  mo'de  may  be  found  on  the  p.ges  following  the  table. 


Subsidies  given  to  the  State  (in  francs). 


Subsidies  given  or  to  be  given  by|  |  Total  receipts  from 

cities,  departments  and  Chambers]  Existing  tonnage  duties  granted  in  return  tonnage  duties  from 


of   Commerce    for    worlis  of  im- 
provement executed  since  1876. 


for  tliese  subsidies. 


17 


1876  to  1891  in- 
clusive. 


18 


2  841  629 


79  153  383 


(d) 


(d) 
675  000 


675  000 


(e) 
0,05 


1979  193 

856  345 

2  835  538 

5  J    T.4U    [  correspoDd  to  i  1891. 
(  7*40  )  ( oontemplated. 


APPENDIX  No.   l—iCaiUinueci). 


icDition   of  tke  ports  (arranged    °^^*^u*" 

:  opd«  Of  importance).  bound  and 

out- bound). 


OoodB,  traffic 
(In  tons  of 
1000  kg.) 


Total  quui- 
tity  of  fish 
received  (tn 
tons  of  1  000 


At  high 
water  of 

ipriug  tide. 


water  of 
minimum 
spring  tide. 


Full 
depth  of 


EzpenseB  for  works  of  coDBtraction  and  improvement  (in  franca). 


Sabsidles  given  to  the  State  (in  francs). 


Incurred 

from  1876 

to  1891. 


Remaining  to  be  dooel 


Probable    Subaldies  givi 


,  departments  and  CbamberB  Existing  tonnage  dnties  granted  1 


Total  rtoeif  ta  fz 

1  tonnage  'in-ie«  f: 
1875  to  l-Ti.  - 


2  SS;  S8J 
I  Ml  847 

1  336  739 

1  162  753 

39  600 

23  231 

10  38H 
13  644 
13  729 

SofiOG 

46  030 

46  333 

46  flS2 
69  674 

60  062 

i    73  629  639 

31  381 107 

106  010  746 

1  850  703 

2  841  629 

-:    for  ports   of  the   English 

i;  769  802 

27  998  798 

11  941  ao3 

19  008  480 

lOi  894 

144  707 

61  710 

83  131 

87  619 

52  S50 

66  248 

67  083 

104  60(1 
149  379 

164  602 

j  439  483  337 

460  934  053 

900  417  390 

99  276  919 

1                                                                               1 

79  153  383 

r  800  000  tonnage  capacity. 


5  365  846 

10  610  719 

3  322  421 

5  251648 

657 

T.OU 

7.00 

ro8 

(■■) 

13  167 

13  167 

U  600 

(t) 
8  703 

8  703 

)          (c) 

j    62  761  408 

1 

'(    19  300  000 

32  202  623 
13  806  706 

94  963  931 
33  106  706 

1  930  511 
11  660  754 

1893 
1895 

675  000 

(e) 
0.05 

;  Mireeilles ! 

l»T9  19a 

999  554 

2  085  581 

703  982 

893  475 

1428 

1128 

S56  315 

7.00 

1 

6  364  929 

12  696  30C 

4  026  893 

6  145  123 

1980 
2  224 

16  104 

21870 
21870 

j     82  051 408 

46  009  229 

128  060  637 

13  )91  265 

676  OOO 

Total  for  the  principal  ports J 

r:  Vendre« 

L/'ai»K>n-the-Bbone. . 


245  833 

"io  808 ' 

19  816 


6.  SO 

6.60 
6-60 


14  000 

"o.do  " 

6  30 
6.30 
6.00 
6.00 

6-00 


840 

1320 

1  320 


477  544 

3  796  673 

14  380  463 

539  000 


3  972  024 
I  038  539 
926  924 
689  081 


4  449  668 
4  836  212 
16  300  387 
1  228  081 


The  notes  to  which  reference  is  made  may  be  found  on  the  pages  following  the  table. 


Subsidies  given  to  the  State  (in  francs). 


Subsidies  given  or  to  be  given  by 
cities,  departments  and  Chambers 
of  Commerce  for  works  of  im- 
provement executed  since  1876. 

16 


Existing  tonnage  duties  granted  in  return 
lor  these  subsidies. 


17 


Total  receipts  from 
tonnage  duties  from 
1876  to  1891,  in- 
clusive. 

18 


(a) 

0.35  franc  (law  of  October  10th,  1891). 

»:,— Figures  like  this  ]    T.40 
(7-40 


(ISTfl. 

correspond  to  j  18*^1. 

(ooDtemplated- 


APPENDIX  No.   l—{Confmueci). 


Goods,  traflao  I  titv  offish 
(m  tons  of  jieceived  (in 
1000  kg).      toDSof  1000 


At  high  At  high 

mean         miDlmum 
spring  tide,    oeap  tide. 


water  of 

QiDimnm 

spriog  tide. 


Expenses  for  works  of  constroction  and  imrroTement  (in  franca). 


lucurrfd 
ft-om  187G 
to  1891. 


Bemaining  to  be  done'  Probable 
for  the  completion  of'  date  of 
the  works  declared  of 
public  benefit. 


Subsidies  giTen  to  the  State  ^  fruics). 


Subsidies  given 
cities,  departmt 
of  Commerce    for  works    of 
proTemeut  ezei:at«d  since  1876. 


lor  these  subsidies. 


Total  leeeipta  froM 
1  return  tonna^  doties  from 
1876  to  W9U  in- 


6t»;s 

4S863 

5,«0 

5.80 

6.80 

5.60 

6.60 

6.60 
H.OO 

6.00 

900 

6.00 

6.00 

6-00 

604 

604 

604 

JS7 

737 

737 
1150 
660 
650 

aio 

370 
370 

260  000 

833  719 
1  773  347 

68  000      1 

> 
1 

1  141  719 

2  233  664 

4  163  683 
849  314 

(a) 
1890 

1              i 

"1              ( 

1  Buad&tead I 

I                                                1 
nBone 1 

201510 

58  31S 

160 



J 
46'J  317 

:»65S 

130  900 

65  375 

111  018 

30 

8 

■  Cuuies ) 

»:  5si 

92  99« 

»9  809 

44  865 

54 

80 

(o)                                 0.35  franc  (law  of  October  10th,  1891). 

total  for  the  ports  of  eecood  order  J 

64a  514 

18S0  767 

882  K65 
719  470 

50 
447 

5  807 

6  367 
6  367 

j     22  0S«  746 

7  142  886 

29  193  631 

6  283  422 

' 

1 

i 

1 

3d.  Ports  of  third  order  and  fishing  stations. 


Hm  the  porta  of  3d  order  and  fish-  ( 

587  S10 

449  227 

344  020 

316  411 

2188 
5  423 

13  983 

14  870 

14  879 

j    20  212  862 

720  405 

24  993  267 

262  488 

131801 

1            ^ 



Hbtal  for  the   porta  on  Mediter-  ( 

;  594  658 

14  996  344 

4  663  278 
7  210  004 

4  606 

8  094 

38  904 

43  103 

43  106 

1   124  316  006 

67  872  619 

182187626 

19  027  176 

806  801 

38^338 

1          ' 

§2.  0 

orslca. 

• 

RHtis.. 
Maceio. 

ioidport I 

258  342 

42  826 

262 

1 

10.50 

10  60 

10.60 

8  50 

8.60' 

8-60 
13.00 

16.00 

1600 

260 

260 

250 

100 

300 

?f.? 

236 

440 

j     1  408  426 

1      3  090  604 
j     2  208  072 

3  100 

2  614  126 
628  170 

1  411  526 

5  604  020 

2  736  242 

111  7U 
122  087 

1893 
1893 

isewport 1 

367  689 

36  098 

180 

: } 

179  703 

268  816 

38  296 

77  663 

i'si 

1 

1 1 

The  notes  to  which  reference  is  made  may  bo  found  on  the  pages  following  the  table. 


Subsidies  given  to  the  State  (in  francs). 


)bable 
ite  of 
om- 
jtion. 

15 


Subsidies  given  or  to  be  given  by  I  Total  receipts  from 

cities,  departments  and  ChamberslEsisting  tonnage  duties  granted  in  return  tonnage  duties  from 


of  Commerce    for   works  of    im- 
provement esecutea  since  1876. 


for  these  subsidies. 


1876  to  1891,  in- 
clusive. 


17 


2  835  538 


15  000 


79  975  184 


55  933  948 


-Figures  like  this  \    7.40 


>    7.40    I 
7.40  J 


(1S76. 

correspond  to  J 1891. 

t  oontemplateiJ. 


APPENDIX  No.  l—(Continu£d). 


Total  too- 
cage  capa* 
city  (in. 


Goods,   traffic 
(in  tons  of 
1  000  kg.). 


Total  quan- 
tity of  fish 
received  (in 
tons  of  1  000 


At  high 
vater  of 

aprlDg  tide 


neap  tide,    spring  tide. 


depth  or  h"";"" 


ExpeDsee  for  works  of  construction  and  improvement  (in  francs). 


Sabsidiea  given  to  the  State  (in  francs). 


Incarred 

from  1876 

to  1891. 


Remaining  to  be  done 

Total  in-     ',   for  the  completion  of 

eluding  1891. 1  the  works  declared  of 

public  benefit. 


for  these  subsidies. 


Totml  receipt:  be:.. 
\  tonnacedittiEafrc:^ 

18TS  :o  lan. »- 


g  3.  Corsica— (CoTUfnued). 


(      407  280 

42  820 

33  692 

145 

184 

702 

1  101 

1101 

j     1  718  166 

763  852 

2  224  405 

749  997 

Other  ports 

(      645  275 

123  941 

147  453 

474 

1 

1  2(12 
1946 

1     8  425  158 

3  799  217 

12  224  405 

891  826 

1 

1                                                                    I 

m.— RECAPITULATION. 


I  —Ports  of  the  ocean  and  English  ( 

17  767  302 

27  998  798 

11  941  203 

19  008  480 

104  304 

144  707 

101  r>(iu 

149  379 
154  602 

.'i:i  004 

43  103 

43  106 

1  2G2 

1  916 

2  151 

j   439  483  337 
j  124  315  006 
!     8  426  168 

460  934  053 
57  872  519 
3  799  247 

900  417  39L1 
182  187  625 
12  224  106 

99  276  919 

19  027  175 

891825 

79163  383 

soee4io 

80S  801 

;  694  033 

4  063  278 

7  210  004 

4«05 

6  094 

1— Ports  of  the                                t 
Medi^rr^eao. 

123  941 

147  453 

5oK 
474 

840  890 

15  000 

(                              ( 

, 

20  009  230 

43  836  032 

IB  718  422 

26  365  937 

109  657 

153  275 

1»«  732 

194  428 

199  869 

j    672  223  501 

622  605  819 

1  094  829  320 

119196  919 

79  975  184 

»933»tS 

"'^'^    '"'    j 

1 
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EEMARKS  ON  APPENDIX  No.  1. 
•  Havre— 

(o)  Besides,  3  460  000  oysters  auil  3  000  000  scallops. 

(6)  These  figures  are  what  should  be  realized  on  the  completion  of  the  basin  for  petroleum 

now  in  construction,  and  when  the  improvement  works  are  carried  out. 
(«)  This  includes  the  sum  of  24  300  000  francs  for  the    construction    of  the   Tancarville 

Canal, 
(d)  let.  Port  of  Havre. 

Francs. 

Construction  of  the  Bellot  Basin  and  of  two  dry  docks: 

Chamber  of  Commerce 4  Oil  000 

Department 1500  000 

Dredging  off  shore : 
Chamber  of  Commerce 545  000 

Dredging  yl&nt : 
Chamber  of  Commerce 890  000 

Construction  of  a  petroleum  basin: 
Chamber  of  Commerce 600  000 

Deepening  of  the  Vauban  Basin: 

Chamber  of  Commerce 50  COO 

Other  sources 16  000 

Rebuilding  of  the  dock  bridge: 

Chamber  of  Commerce 20  000 

Company  of  the  Western  Railroads 30  000 

Total  for  the  Port  of  Havre 7  662  OOP 

2d.  Tancarville  Canal. 
Construction  of  the  canal: 

Chamber  of  Commerce 6  000  000 

City  of  Havre 32  OOO 

Total  for  the  Tancarv ille  Canal 6  032  000 

The  Chamber  of  Commerce  has  made  two  loans  to  the  State  besides,  viz.: 

Ist.  Law  of  August  5th,  1874  (interest  on  the  amount  at  4>^  percent.) 6  000  000 

2d.  LawofMay22d,  1888 2  350  000 


8  350  000 


The  first  of  these  loans  was  paid  in  1887,  before  due,  to  the  amount  of  6  822  425  francs. 
The  second  loan  is  to  be  paid  in  sis  annuities,  beginning  in  1888. 
(e)  These  duties  are  collected  wholly  by    the  Chamber    of  Commerce  of   Havre;     their 
tender  being  for  11  116  000  francs  out  of  the  13  694  000  francs  of  subsidies  furnished 
for  the  Port  of  Havre  and  the  Tancarville  Canal. 

2  BOBDEAUX — 

(a)  The  channel  of  approach  of  the  Port  of  Bordeaux  has  been  considered  to  include  all 
of  the  river  below.  It  is  known  that  this  channel  presents  a  series  of  shoals  where 
the  depth  is  a  function  of  the  normal  discharge.  The  heavy  figures  refer  to  the  highest 
of  the  bars  in  1875  (that  of  Bee  d'Ambes).  The  light  figures  refer  to  the  highest  bar  in 
1891  (that  of  Bassens).    The  large  figures  refer  to  the  different  bars  of  the  river. 

(6)  The  bar  of  Bacalan  which  forms  the  down-stream  limit  is  considered  as  being  in  the 
Bordeaux  roadstead. 

(c)  These  lengths  are  those  of  the  vertical  quays  accessible  to  vessels.    For  river  boats  the 

banks  are  arranged  in  inclined  ramps,  from  20  to  23^^  for  a  length  of  5  450  m.  and  with 
dry  walls  at  45?^  for  4  354  m. 

(d)  This  includes  the  expenses  for  the  improvement  of  the  Garonne  below  Bordeaux  and  for 

the  Gironde.    These  expenses  have  reached  the  sum  of  14  060  521  francs. 
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EEDIARKS  ON  APPENDIX  No.  1— {Continued). 

(e)  The  probable  date  of  completion  of  the  works  is  indeterminate.  It  is  expected,  however, 

to  finish  the  new  vertical  quays  of  the  port  in  1894. 
(J)  Grant  from  the  Chamber  of  Commerce,  which  has  besides  made  several  loans  to  the 
State,  viz.: 

Francs. 
Port  of  Bordeaux: 

1st.  Law  of  May  20th,  1886  (interest,  4  per  cent.) 10  000  000 

2d.  Law  of  August  5th,  1874  (interest,  4  per  cent.) 4  500  000 

14  500  000 
Which  was  repaid  in  1881  before  due  with  18  601  224  francs. 
2d.  Law  of  July  loth,  1885  (payable  without  interest  in  10  years  from_1886).  . .  3  500  000 

18  000  000 


Maritime  Garonne  and  Gironde: 

Law  of  August  9th,  1888 24  000  000 

Payable  without  interest  in  12  years  from  1888. 
{ff)  This  duty  has  been  collected  since  August  5th,  1887.    It  is  designed  to  cover  the  obliga- 
tion which  the  Chamber  of  Commerce  contracted  in  order  to  furnish  to  the  State  a 
grant  of  10  000  000  francs  for  the  construction  of  new  quays  in  accordance  with  the 
law  of  August  2d,  1887. 
{h)  This  amount  is  made  up  as  follows: 

Francs. 

Law  of  August  5th,  1874,  tax  of  0.25  franc  1094  106 

Law  of  July  loth,  1885,  tax  of  0.12  franc 1074  772 

Law  of  August  2d,  1887,  tax  of  0.60 3  437  748 

5  606  626 

'■  DUKKIEK — 

(o)    From  1785  to  1845 15  000  O'lO 

Law  of  July  16th,  1845 8  000  000 

Decree  of  July  14th,  1861 15  000  000 

38  000  000 


(b)  This  date  applies  to  the  works  in  actual  progress  and  not  to  the  basins  of  the  East, 

where  the  work  has  been  provisionally  suspended. 

(c)  Grant  from  the  city  and  from  the  Chamber  of  Commerce  of  Dunkirk. 

The  City  of  Dunkirk  advanced  to  the  State  besides  for  the  works  of  extension  (basin  of 
Freycinet),  31  million  francs,  payable  without  Interest  iu  20  annuities,  from  1887  to 
1906  (law  of  September  Ist,  1884). 

(d)  Grant  from  the  Chamber  of  Commerce  of  Dunkirk  intended  for  the  reconstruction  of 

the  jetty  of  the  East,  the  cost  of  which  is  estimated  at  4  900  000  francs. 

Francs. 

(e)  From  1876  to  1881  (tax  of  0.10  franc  per  ton  of  capacity,  law  of  December  14th, 

1875.    Restoration  works) 466  957 

From  1876  to  1882  (tax  of  0.30  franc  per  ton  of  capacity,  law  of  December  14th, 

1875.    Works  of  improvement) 1  293  383 

From  1882  to  1884  (tax  of  0.40  franc  per  ton  of  capacity,  law  of  February  5th,  1882. 

Works  of  improvement) 911  221 

From  October,  18&4,  to  September,  1890  (tax  of  0.70  ftanc  per  ton  of  capacity, 

law  of  September  Ist,  1884.    Works  of  improvement) 4  613  499 

From  September,  1890,  to  December,  1892  (tax  of  0.54  franc  per  ton  of  capacity, 

lawof  August  26th,  1890.    Works  of  improvement) 1  661  331 

Total  receipts  from  1876  to  1892 8  946  441 
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REMARKS  ON  APPENDIX  No.  1— (Continued). 
■«  RODEN— 

(a)  The  water  level  being  lower  at  neap  tide  than  at  spring  tide,  the  figures  opposite  in- 
dicate the  depths  at  low  water  of  minimum  neap  tide  which  are  the  actual  minimum 
depths. 
(6)  These  include  the  expenses  incurred  and  to  be  incurred  for  improvement  works  upon 
the  Seine  between  Rouen  and  the  sea. 
These  expenses  may  be  separated  as  follows: 

Francs. 

Prior  to  1876 IS  097  900 

From  1876  to  1891 .12  738  644 


80  836  544 


Expenses  still  to  be  incurred 3  565  728 

(c)    Law  of  December  14th,  1875.  Chamber  of  Commerce 1  000  000 

To,„  ^f  A„ oi.  on,   iQ-n  (Chamber  of  Commerce 1  200  000 

LawofAuguet  8th,18,9|j)gp^^^gjjj  1000  000 

Law  of  March  11th,  1882,  Chamber  of  Commerce 3  166  667 

Decree  of  October  Ist,  1861,  Chamber  of  Commerce 471  000 

6  837  667 


Besides,  by  virtue  of  the  law  of  March  11,  1885,  the  Chamber  of  Commerce  advanced  to 
the  State  6  333  333  francs  payable  at  4;$'  in  20  annuities,  from  1887  to  1906. 
s  Saist  Nazaibe — 

(a)  The  projected  depths  are  those  which  will  result  from  dredging  the  channel  across  the 
bar  of  Charpentiers  now  in  progress  and  from  the  works  at  the  new  entrance  of  the 
port  to  be  constructed  in  the  axis  of  the  basins. 
(6)  Not  including  the  cost  of  the  new  entrance  (11  800  OOO  francs)  the  works  for  which  can 

be  completed  in  1899. 
(c)  This  grant  is  made  up  as  follows  : 

Francs. 
Improvement  of  the  entrance  of  the  port  (law  of  March  28th,  1889).    Chamber 

of  Commerce 3  000  000 

Deepening  of  the  first  basin  (decree  of  January  8th,  1893).     Chamber  of  Com- 
merce      330  000 

3  330  000 


Besides,  the  Department  of  the  Loire  Inferieiire,  in  virtue  of  the  law  of  January  5th,  1875, 
advanced  10  000  000  francs  to  the  State  in  order  to  hasten  the  completion  of  the  basin 
of  Penhouet;    this  was  paid  in   1881  before  due,  the  amount  being  10  995  378  francs 
which  included  interest  at  4  per  cent. 
{d)  Tax  established  by  the  law  of  March  28th,  1889.     It  has  been  reduced  to  0.40  franc  for 
vessels  loaded  with  wood  and  to  0.30  franc  for  vessels  loaded  with  coal.     The  tax 
established  by  the  law  of  January  5th,  1875,  for  the  benefit  of  the  department  reached 
0.53  franc;  it  was  collected  to  1881. 
(e)  This  includes  879  670  francs  collected  from  1876  to  1881,  in  compliance  with  the  law  of 
January  5th,  1875. 

«  Boulogne — 

(a)  Exterior  channel. 

(6)  Channel  between  the  Jetties. 

(c)  Exterior  pass. 

(d)  Quay  of  the  Traverse  where  the  depth  of  water  will  be  5  m.  at  low  tide. 
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REMAKES  ON  APPENDIX  No.  1— (Continued). 

Francs, 
(e)  This  amount  is  made  np  as  follows: 

Law  of  June  17th,  1878,  Chamher  of  Commerce 600  000 

Gift  from  the  City  of  Boulogne 132  896 

Lasv  of  September  1st,  1884,  Chamber  of  Commerce 2  000  000 

Law  of  October  4th,  1888,  Chamber  of  Commerce 3  200  OOO 

5  932  896 


By  virtue  of  the  law  of  September  1st,  1884,  the  Chamber  of  Commerce  advanced  to  the 
State  4  000  000  francs  besides,  payable  at  i^-i  in  15  yearly  payments  from  1887  to  1901. 
(/)  For  freight,  tax  of  0.10  to  0.60  franc  per  ton  according  to  the  kind  of  traffic,  the  number 
of  shipments  and  the  quantity  of  freight  shipped  or  received.    For  passengers,  taxes 
of  0.50,  0.875  or  1.75  francs  per  passenger  embarked  or  disembarked,  according  to  the 
class,  the  destination  or  the  nationality  of  the  passengers  (law  of  October  4th,  1888, 
and  decree  of  July  9th,  1889). 
The  tax  of  0.10  to  0  60  franc  will  be  reduced  to  one-fourth  or  to  one-half  if  the  vessel  un- 
loads or  loads  a  chartered  number  of  tons  not  over  one-half  or  three-fourths  the  tonnage 
capacity  corresponding  to  its  legal  capacity  (decree  of  August  6th,  1890). 
7  Calais — 
(a)  This  includes  2.25  m.  for  the  tidal  quay  where  one  finds  at  low  tide  a  depth  of  2.50  to 

3  m.,  sufficient  for  passenger  packet  boats. 
(6)  This  includes  550  m.  for  the  quay  of  the  maritime  station  and  250  m.  for  the  south  quay 
of  the  outer  harbor. 

(c)  This  includes  550  m.  for  the  quay  of  the  maritime  station  and  445  m.  for  the  south  quay 

of  the  outer  harbor  and  the  new  tidal  quay  where  the  depth  will  be  7  m. 

(d)  Gift  from  the  Chamber  of  Commerce,  which,  besides,  has  advanced  12  450  000  francs, 

8  450  000  francs  of  which  wiU  be  repaid  with  interest  at  iX  in  20  annual  payments 
from  1887  to  1906  (law  of  September  1st,  1884)  and  4  000  000  francs  without  interest  in 
17  equal  instalments  (law  of  December  4th,  1888). 
The  Chamber  of  Commerce  also  advanced  9  023  300  francs  for  the  construction  of  works 
under  the  law  of  December  14th,  1875;  this  was  repaid  in  1881,  before  due  by  9  748  366 
francs  which  included  interest  at  4  per  cent. 
«  Dieppe — 
(a)  The  works  still  to  be  done  consist  in  the  construction  of  a  dry  dock  and  the  completioQ 
of  the  terre-pleins. 

Francs. 

(6)    Gift  of  the  Chamber  of  Commerce  representing  different  interests 4  960  000 

Eemaining  from  the  decree  of  February  21st,  1863 417  777 

Gift  from  the  City  of  Dieppe 45  OOO 

5  422  777 


The  Chamber  of  Commerce  has,  besides,  advanced  4  950  000  francs  payable  at  i^  in  12 
annual  payments  from  1887  to  1898  (law  of  Septembet  3d,  1884). 
9  La  Rochelle,  Pokt  Peoper,  Pokt  of  La  Pallice — 
(a)  From  small  fisheries  only.    The  codfish  from  the  Grand  Banks  and  from  Iceland  are 

included  in  the  goods  traffic. 
(6)  Not  including  the    cost  of  the  junction    works  of   the  Morans  canal  with  the  port 
which  has  increased  the  useful  length  of  the  landing  stage  by  347  m. 

(c)  This  includes  300  m.  the  length  of  certain  parts  of  the  jetties  which  present  a  platform 

7  m.  wide  and  210  m.  the  length  of  the  flying  bridges  of  the  outer  harbor.  These  are 
not,  properly  speaking,  stranding  quays.  Upon  the  300  m.  of  jetties  and  upon  100  m. 
of  flying  bridges,  ships  of  less  than  5-m.  draft  will  float  at  all  times;  upon  110  m.  of 
flying  bridges,  ships  of  less  than  7-m.  draft  will  float  at  all  times. 

(d)  Loan  from  the  city  and  from  the  Chamber  of  Commerce  (law  of  April  2d,  1880). 

The  City  of  La  RocheUe  advanced  to  the  State  3  950  OOO  francs  payable  without  interest 
in  four  payments  beginning  in  1891  (law  of  August  14th,  1888). 


II 
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REMARKS  ON  APPE>T)IS  No.  1— (Continued). 

'0  St.  Malo,  St.  Skbvan— 
(a)  Loan  from  the  Chamber  of  Commerce  of  St,  Malo  for  the  completion  of  the  wet  dock 

(decree  of  April  28th,  1886). 
(6)  The  receipt  of  the  duties  only  began  in  1892. 

»»  Batohne— 
(a)  Loan  from  the  City  of  Bayonne  for  improvement  works. 

The  Chamber  of  Commerce  has  also  advanced  to  the  State  760  000  francs  payable  w.thont 
interest  in  four  annual  payments  beginning  in  1890  (law  of  March  18th,  1889). 

* »  ROCHEIOKT — 

(a)  Mean  depth  of  the  Charente  in  the  commercial  harbor. 

(6)  This  includes  2  435  441  francs  dedicated  to  the  improvement  of  the  maritime  Charente. 

Francs. 

(c)  This  loan  is  divided  as  tollows: 

Improvement  of  the  maritime  Charente 200  000 

Dry  dock 197  012 

3d.  Wet  dock 1460  000 

Say,  for  the  City  of  Rochefort 1  857  012 

Installations  of  plane  by  the  Chamber  of  Commerce— sheds  and  storehouses. . .    385  000 


(d)  Tonnage  duty  for  the  benefit  of  the  City  of  Rochefort  by  decree  of  May  23d,  1887,  and 
law  of  July  23d,  1892. 

13  Caek-Ouistbeham — 

Francs 

(a)   City  of  Caen 4U8  000 

Department 37 1  000 

779  000 


■»  HONIXEUB — 

(a)    City  of  Honfleur 600  OOO 

Department 600  OuO 

Chamber  of  Commerce 1  648  020 

2  848  020 


* »  Nantes — 
(a)  This  includes  the  expenses  for  the  maritime  canal  of  the  lower  Loire,  which  amounts  to 

26  160  francs. 
(6)  Tonnage  duty  collected  by  the  Chamber  of  Commerce  of  Nantes  since  April  Ist,  1889,  by 
virtue  of  the  law  of  March  28th,  1889. 

'^  Chebboubg — 
(a)  This  loan  is  made  up  as  follows:  Francs. 

Law  of  February  3d.  1880-Improvement,  { Srtment.WV. ■.'.•.■;.•.•.■.■. ■.".■.■. ■.".■.•.■.■.■.250  S^ 

Construction  of  a  rail  upon  the  quay  Napoleon — City 13  333 

Law  of  January  19th,  1885— Improvement,  Chamber  of  Commerce 350  OOO 

Construction  in  the  outer  harbor  of  a  little  port  of  shelter  for  fishing  boats — De- 
partment and  City 42  000 

Extension  of  the  rail  of  the  quay  Napoleon— City 3  900 


In  accordance  with  the  law  of  January  19th,  1885,  the  Chamber  of  Commerce  has  ad- 
vanced to  the  State,  besides,  850  000  francs  payable  at  4.V  from  1887  to  1901. 
(6)  Duty  collected  since  January  1st,  1881  (decree  of  September  22d,  1880). 
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REMAKES  OK  APPENDIX  No.  1— (Continued). 
»'  Bbest — 
(a)  By  decision  of  August  8th,  1890,  the  administration  has  under  consideration  a  project 
for  the  construction  of  a  tlip  en  travers  designed  to  replace  the  dry  dock  provided  by 
the  law  of  April  5th,  1883.  The  Chamber  of  Commerce  would  contribute  180  000 
francs  towards  the  cost  and  take  charge  of  the  operation  of  this  apparatus  by  the 
help  of  a  tonnage  tax. 

» '  Les  Sables — 
(a)  Loan  from  the  city  for  the  improvement  of  the  quay  of  the  Bemblai. 

»'Tkouvilxe — 

Francs. 

(a)   Commune  of  Trouville 180  000 

Commune  of  Dean ville 43  000 

Department 203  000 

Chamber  of  Commerce 500  000 

926  000 

20  Teepoet — 
(a)  Law  of  April  3d,  1880. 

Department 500  000 

City  of  Treport 100  000 

Chamber  of  Commerce  of  Dieppe 30  000 

Chamber  of  Commerce  of  Treport 33  000 

M.  leComte  de  Laris 30  000 

693  000 
Decree  of  April  28th,  1892. 

Department 200  000 

Chamber  of  Commerce  of  Dieppe 900  000 

1  100  000 
1  793  000 


41  Gkanttlle — 

(o)   The  City  of  Granville 13  300 

The  department 26  600 

Deepening  of  the  2d  wet  dock 

Decree  of  March  19th,  1883 

The  city 42  500 

The  department 42  500 

Dry  docks 


124  900 


22  St.  MAExn."  de  Eue — 

(a)  The  works  executed  at  St.  Martin  from  1876  to  1891  consist  in  the  improvement  of 
the  entrance  and  the  construction  of  a  new  entrance  lock  for  the  wet  dock.  The  sill 
of  this  lock  is  at  the  height  0.77  m.  above  the  0  of  the  marine  charts,  while  the  sill 
of  the  old  lock  was  1.80  m.  above.  But  the  channel  at  the  entrance  of  the  port  and 
the  bottom  of  the  wet  dock  are  about  0.50  m.  above  the  sill  of  the  new  lock;  it  folic ws 
that  the  projected  improvement  will  not  be  fully  completed  until  these  high  bottoms 
have  been  removed. 

S3  Blaye — 

(a)  The  depths  given  are  average  depths  in  the  channel. 

24  Fecamp— 
(a)  This  number  includes  only  the  fish  landed  at  Fecamp.     The  vessels  fitted  out  at 

F6camp  caught,  in  1891,  19  548  tons  of  fish. 
(6)  First  cost  of  works  for  the  port  since  its  establishment. 
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REMARKS  ON  APPENDIX  No.  l—{Continwd). 

Francs. 

(c)   Department 500  000 

City 150  000 

Cbamber  of  Commerce 825  000 

1  475  OUO 

((/)  Only  the  Chamber  of  Commerce  of  Fecamp  profits  by  this  tax. 

It  was  only  0.50  ftanc  per  ton  of  capacity  from  January  1st,  1881,  to  May  let,  1885. 
(e)  The  collection  was  only  commenced  January  1st,  1891, 
2i  Marseilles — 
(a)  Minima  depths  of  water. 

Ist.  In  the  channel  of  the  old  port 7  m, 

2d.  In  the  channel  of  the  Major  at  the  entrance  of  the  Joliette 8  m. 

3d.  In  the  channel  of  the  Pinede 16  m. 

(6)  These  figures  show  the  development  of  the  useful  quays  for  shipping  and  receiving 
goods  at  the  interior  of  the  basins,  only,  if  one  adds  the  quays  of  the  repair  basins  of 
the  channels  and  outer  harbors,  one  finds — 

In  1876 12  573  m. 

In  1891 18  118  m. 

(c)  These  expenses  may  be  separated  as  follows: 


Before  1876. 

From  1876  to  1891 

ToOct.  3l8t,  1891. 

State 

48  930  738 

174  077 

1  400  000 

12  246  573 

27  174  806 

76  105  544 

City  of  Marseilles 

174  077 

1  400  000 

5  027  717 

17  274  310 

Totals 

62  751  408 

32  202  523 

94  953  931 

These  expenses  do  not  include  those  for  equipment: 


50  000 
16  511  877 

6  025  796 
784  381 

6  075  796 

17  295  658 

Totals 

16  561  877 

6  810  177 

23  371  454 

(d)  The  Compagnie  des  Docks  has  contributed  to  the  works  authorized  by  the  decree  of 

July  6th,  1875  (fitting  out  the  quays  and  exterior  dikes)  the  sum  of  1  098  500  francs. 

(e)  In  accordance  with  the  law  of  August  5th,  1874,  the  Chamber  of  Commerce  of  Marseilles 

advanced  to  the  State  17  483  304  francs  for  works  of  improvement  of  the  port  under 
the  law  of  July  8th,  1881,  and  it  was  at  the  same  time  authorized  to  receive  a  ton- 
nage tax  of  0.10  franc  which  was  collected  until  July  1st,  1883,  and  which  amounted 
to  1  979  193  francs. 
26  Cette — 

(a)  The  sea  level  varies  in  general  from  0.90  to  1  m.;    the  depth  of  7  m.  is  the  minimum 

measured  after  the  winter  storms  and  before  the  beginning  of  the  summer  dredging. 
In  the  autumn  the  minimum  depth  is  7.50  m.  The  acquisition  of  the  new  dredging 
plant  will  perhaps  permit  of  an  improvement  in  the  situation. 

(b)  These  figures  include  the  quay  for  large  shipping  which  has  a  total  length  of  5  999  m. 

and  the  quay  for  internal  navigation. 

(c)  This  includes  the  cost  of  the  postponed  w^rks  which  will  reach  the  sum  of  7  534  363 

francs. 
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EEMABKS  ON  APPENDIX  No.  I— {Continued). 

(d)  Grants  from  the  Department  of  I'Herault,  from  the  city  and  from  the  Chamber  of  Com- 

merce, each  of  which  must  furnish  225  000  francs  to  be  divided  into  15  annua]  pay- 
ments of  15  000  francs.  The  P.  L.  M.  Railroad  Company  is  to  famish  a  grant  of 
2  000  000  francs  lor  the  Harbor  of  Tranqueville  (postponed  works)  in  exchange  for 
land  to  be  taken  from  the  sea. 

(e)  The  law  of  June  14th,  1878,  has  conceded  to  the  Chamber  of  Commerce  a  tonnage  tax 

which  ceased  to  be  collected  in  1883. 
The  law  of  March  18th,  1889,  authorized  the  Chamber  of  Commerce  to  advance  6  400  000 
francs  to  the  State  for  improvement  works,  payable  without  interest  and  to  collect  a 
statistical  tax  of  0.10  franc  per  ton  or  per  package  exported  or  imported  at  Cette.    This 
tax  has  already  amounted  to  576  901  francs. 

27  BOCE — 

(a)  The  execution  of  the  most  important  work  is  postponed  indefinitely. 

28  Cannes — 

(a)  The  City  of  Cannes  is  to  furnish  a,  subsidy  of  300  000  francs  for  works  of  improvement 
authorized  by  the  decree  of  July  15th,  1891. 


FojiD  1827. 


1847. 


erchandise. 


oc. 


I.  Imports : 

( FreDch  vessels 

3  I  (Carrying  the  fls 

'         I  Foreign  vessels   I     which  they  c< 
{  (Other  flags.. 


o  a 

S  08 
OS  Sh 

Is"" 

> 


5  s 


So  tc 


03  ®  a 


I  f   P83 


681 

78 


1  269 
624 


Total  imports  by  sea 768        1  442       2  809 

By  land 690     i      707      


399 

80 


922 
368 


Totul  imports  458     '  2  149 


409 
67 


a  o  — 


s  >^ 

3=- 


125 
29 


366 
200 


II.  Exports  : 

Djaea,    Foreign  vessels    {     which  they  cc  "^°      1  1  049           678 
(Other  flags.  ...              [     139          146 

398 
59 

347  ] 
93 

Total  exports  by  sea 098     ,     2  077        1497 

Byland 863    1        678    

1                , 

796 
253 

833 

445 

157 

Total  exports 961          2  755    

1  049     1 

602 

III.  Imports  and  exports  combioed  : 

By  sea 866 

By  land 553 


Total 419 


3  519 
1  385 


4  306         1  718 
621 


1  707  811 

357 


(1)  The  statistics  do  not  give  the  weight 

(2)  The  separation  of  the  values  by  flags  ge  to  the  total  value  for  each  of  these  years. 


APPENDIX  No.  2. 

Foreign  Fkench  Commebce  fob  the  Years  181)1,  1875,  1859,  1847  and  1827. 

Tonnage  of  loaded  vessels — Weiglit  and  Value  of  the  Cargoes. 


I,  Imports  : 

(  French  vessels. 


1891. 

Merchandise. 


a  an 
■S5o 


Merchandise.       .2  s 

\ 1  i3! 

.0"         PI'S         ?ai 


Mercbandise,       ,2 


a—  a 


.£"0 


=  2<.-?r 


(Carrying  the  flag  of  the  country  from 


RVHPaJ  IVyowjiug    luo  nag  ui 

"J  ""^"-^  Foreign  vessels   i     which  they  come 


(Other  flags. 


Total  imports  by  f 
By  land 


i  587  1  I 


1  1  176 
U  464 


2  544 1  f  1  224      1  628 

7  781 


3  .109  f 
1  736  I 


1  U50      2  002  ( 
620         373  J 


14  987  :     4  562 


f   68 


II.  Export 

4  920 

I  740 

M  238 
228 

2  338 

2  622 
819 

3  539 

I  302 

■  1  377 
528 

3  207 
1  600 

1  473 

1  291 
272 

2  098 

f     889 

11  049 
[     139 

673 

678 
146 

339 

398 
69 

393 

347 
93 

205 

By  sea 

(Carrying  the  flag  of 
Foreign  vessels    j     which  they  come. 



the  country  from 

3  720 
1  945 

10  127 

4  920 
3  952 

3  200 
1  525 

5  679 

3  639 
2  803 

3  036 

2  098 
863 

2  077 
678 

1  497 

796 
253 

833 

8  872 

4  731 

6  342 

4  807 

2  961 

2  755 

1  049 

602 

1 

III.  Imports  and  exports  combined  : 

By  sea 

By  land 


6  101  I     7  039 


5  S66         3  519 

5  563 


(1)  The  statistics  do  not  give  the  weight  of  merchandise  previous  to  the  year  1859. 

(2)  The  separation  of  the  values  by  flags  has  been  made  for  the  years  1847  and  1827  by  applying  the  percentage  of  a  10- year  average  to  the  total  value  for  each  of  these  years. 
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INLAND  TRANSPORTATION. 


By  Captain  F.  A.  !Mahan,  Corps  of  Engineers,  U.  S.  A. 


Prepared  for  the  International  Engineering  Congress  of  the 
Colambian  Exposition,  1893. 


Transportation  is  about  the  most  important  question  entering  into 
the  exchange  of  products  from  different  parts  of  the  world.  Where 
transjDortation  exists  free  and  untrammeled,  there  the  exchange  of 
products  takes  place  readily,  and  this  exchange,  which  is  known  as 
commerce,  is  increased  or  diminished  almost  in  exact  proportion  to  the 
facility  with  which  the  articles  to  be  exchanged  can  be  transferred 
from  one  point  to  another. 

Transportation  means  simply  a  carrying  across;  that  is  to  say, 
across  some  space  which  lies  between  the  point  of  production  and  the 
point  of  consumption.  Modes  of  carrying  vary  in  different  parts  of 
the  world,  and  civilization  might  almost  be  expressed  in  terms  of  ease 
of  transfer.     In  savage  countries  we  find  transportation,  even  for  long 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
■will  be  published  simultaneously  in  the  number  for  December,  1893. 
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distances,  carried  on  by  means  of  porters;  from  this  we  rise  througli 
many  gi-adations  of  j^ack  and  draft  animals,  of  vehicles  more  or  less 
primitive  and  cumbersome,  of  vessels  propelled  by  jjoles,  by  oars  or  by 
sails,  and  so  on,  until  is  reached  the  highest  development  of  carriage 
by  land  or  by  sea,  with  steam  as  the  jjresent  best  motor.  But  who  shall 
forecast  the  future,  who  shall  say  that  development  will  not  continue, 
or  who  shall  tell  what  the  coming  years  may  bring  forth  ? 

It  is  proposed  in  this  paper  to  consider  the  two  means  of  transpor- 
tation most  used  in  the  United  States,  and  to  make,  if  possible,  some 
comparison  between  them.  These  means  are  rail  and  water.  There  is 
little  use  made  of  other  sorts  except  within  short  distances  of  certain 
centers,  and  as  the  conditions  vary  greatly  from  center  to  center,  there 
seems  to  be  no  way  of  comparing  results. 

There  must  be  some  point  from  which  to  start  in  making  com- 
parisons between  rail  and  water  transportation.  The  point  which  natur- 
ally suggests  itself  is  the  consideration  of  the  articles  which  are  mostly 
carried  in  common  by  each  highway.  The  investigation  must  also 
have  some  limits  assigned  so  as  to  have  somewhat  assimilated  condi- 
tions. For  example,  it  would  be  folly  to  attemjjt  comparison  between 
a  railway  joining  two  points  between  which  water  communication  can- 
not be  had,  and  a  water-way  joining  two  jjoints  between  which  rail 
communication  cannot  be  had.  As  it  is  more  easy  to  dispose  of  the 
limits  to  which  this  paper  is  to  be  confined  than  to  consider  the  arti- 
cles carried  on  both  highways,  they  will  be  considered  first. 

If  the  United  States  be  studied  with  care,  it  will  be  found  that  the 
greatest  amount  of  pojjulation  and  of  commercial  activity  lies  in  an 
east  and  west  belt  containing  the  New  England  and  Middle  States  and 
those  of  the  Western  States  lying  between  the  Ohio  and  Blissouri 
rivers  and  the  Great  Lakes.  Within  these  limits  are  found  the  great 
cities  of  New  York,  Chicago  and  Philadelphia,  together  with  those  of 
less  degree,  such  as  Portland,  Me.,  Boston,  Baltimore,  Pittsburgh, 
Buffalo,  Cincinnati,  Cleveland,  Detroit,  Duluth,  St.  Louis  and  many 
others,  to  mention  all  of  which  would  lead  far  beyond  what  is  re- 
quired in  an  article  so  general  in  its  character  as  this. 

This  belt  contains  the  most  imi^ortant  transportation  routes  of 
the  country.  From  New  York  leads  west  the  route  by  the  Hudson 
River,  the  Erie  Canal  and  the  Great  Lakes.  From  the  same  point  lead 
the  gi'eat  railroad  routes — the  Pennsylvania,  the  New  York  Central 
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anil  Hudson  River,  the  Erie,  tlie  Delaware,  Lackawanna  and  Western, 
the  Lehigh  Valley,  the  Baltimore  and  Ohio,  the  New  York,  West  Shore 
and  Buffalo.  From  Pittsburgh  starts  the  Ohio  River,  which  joins  the 
combined  Upper  Mississippi  and  Missouri  at  Cairo.  These  three 
streams  form  that  great  river,  the  Mississippi,  one  of  the  main  high- 
ways of  commerce  of  the  country. 

The  boundaries  of  the  field  over  which  it  is  jiroposed  to  travel  being 
fixed,  it  may  be  well  to  see  on  what  ground  the  lines  of  transportation 
mentioned  above  may  be  placed,  so  as  to  form  some  sort  of  compari- 
son between  them  ;  in  other  words,  are  there  any  articles  of  merchan- 
dise carried  by  both  to  such  an  extent  as  to  give  the  means  of  compar- 
ing one  with  the  other  ?  It  will  therefore  be  well  to  consider  what  is 
carried  along  these  routes,  and  to  find  whence  it  comes  and  whither  it 
goes. 

The  articles  which  seek  the  water  routes  are  generally  of  the  bulky 
sort,  in  the  delivery  of  which  time  enters  but  little,  but  which  must 
come  regularly,  so  that  the  supply  may  be  maintained  continuously. 
Ore,  for  example,  or  coal  or  grain  is  eminently  suited  to  water  car- 
riage. Neither  deteriorates  appreciably  by  reason  of  slow  transporta- 
tion. If  a  given  number  of  tons  j^er  day  be  required,  it  is  only  the 
average  which  need  be  maintained,  as  it  matters  little  whether  the  per 
diem  average  be  delivered  daily,  or  twice  the  amount  on  alternate 
days,  or  thrice  the  amount  tvnce  a  week.  This  class  of  goods  has  been 
found,  by  universal  experience,  to  be  best  adapted  to  water  transporta- 
tion. M.  Fleury  says,  in  speaking  of  the  parts  played  by  water  and 
railways  in  France:  "The  only  elements  of  traffic  which  can  be 
divided  between  the  water-way  and  the  railway  are  raw  materials  and 
agricultural  products,  which,  as  a  rule,  can  only  stand  a  low  rate  of 
carriage,  and  which  go  frequently  in  large  quantities  and  over  long 
distances."  The  same  is  true  of  this  country.  Grain  and  timber 
follow  the  lakes  and  the  Erie  Canal.  Ore  and  coal  follow  the  lakes  so 
far  as  possible.     Coal  follows  the  Ohio  and  Mississijapi. 

Where,  then,  are  the  sources  of  supjily  ?  Where  are  the  points  of 
distribution  and  concentration  ?  What  are  the  routes  followed  ?  How 
does  the  cost  of  transportation  compare  by  rail  and  by  water  ? 

The  grain  sujjply  comes  largely  from  the  western  and  north-western 
part  of  the  field  mentioned.  The  supply  from  the  northwest  is  con- 
centrated   at    Duluth,    at  the  extreme   end  of  Lake  Superior  ;  that 
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from  the  western  part  comes  in  at  Chicago.  Iron  ore  comes  from  the 
south  shore  of  Lake  Superior.  Anthracite  coal  comes  from  the  north- 
eastern part  of  Pennsylvania,  and  bituminous  coal  from  western 
Pennsylvania  and  West  Virginia.  The  concentration  of  grain  at 
Duluth  and  Chicago  is  by  rail.  It  is  moved  from  Chicago  mainly 
by  way  of  the  lakes  to  Buffalo,  whence  it  goes  on  its  eastward 
journey  to  New  York  by  canal  and  rail.  The  rail  shipments  from. 
Duluth  direct  to  eastern  ports  become  important.  Large  quantities- 
of  grain  go  by  the  lakes  to  Buffalo,  as  is  the  case  with  Duluth. 
After  leaving  the  Straits  of  Mackinac,  the  route  followed  by  the 
Chicago  grain  is  the  same  as  that  followed  by  the  Duluth  gi'ain 
after  leaving  the  mouth  of  the  St.  Mary's  River.  In  each  case  the 
transportation  is  now  by  large  iron  or  steel  steamers,  carrying  from 
60  000  to  120  000  bushels  at  a  trip.  The  iron  ore  comes  from  sundry- 
ports  on  the  south  shore  of  Lake  Superior,  some  in  Michigan,  some 
in  Wisconsin,  and  others  again  in  Minnesota.  It  is  carried  in  large 
vessels  to  Cleveland  and  other  points  on  Lake  Erie,  and  thence  by  rail 
to  the  furnaces  at  Pittsburgh  and  elsewhere. 

Anthracite  coal  is  carried  by  rail  from  north-eastern  Pennsylvania. 
mainly  to  Buffalo.  At  this  place  it  is  loaded  into  the  vessels  which 
carry  it  to  many  of  the  lake  j)orts — Chicago,  Detroit,  Duluth,  and 
others.  The  bituminous  coal  of  western  Pennsylvania  and  some 
from  West  Virginia  comes  down  the  Monongahela  in  boats,  barges  or 
flats,  two  or  three  at  a  time,  to  Pittsburgh,  where  the  larger  tows  are 
made  up  to  go  down  the  Ohio  Eiver..  The  great  tows  for  the  lower 
Mississipiji  are  prepared  at  Louisville. 

Bituminous  coal  is  also  carried  from  western  Pennsylvania  to  Erie 
and  other  lake  ports  near  at  hand,  and  thence  it  goes  by  water  to  the 
l^ort  nearest  to  its  destination. 

In  the  transportation  of  any  sort  of  materials,  the  item  of  cost  is- 
the  one  which  occupies  the  most  important  place.  The  question,  so 
far  as  the  cost  of  moving  grain  from  Chicago  to  New  York  is  concerned, 
has  been  carefully  studied.  This  transportation  presents  three  features : 
1st,  all  water  transportation,  that  is  to  say,  by  the  lakes  to  Buffalo 
and  thence  to  New  York  by  way  of  the  Erie  Canal  and  Hudson  River  ; 
2d,  all  rail  from  Chicago  to  New  York  ;  3d,  water  to  Buff'alo  and 
rail  thence  to  New  York.  The  average  freight  rates  for  a  bushel  of 
wheat  from  Chicago  to  New  York,  for  each  year  from  1868  to  1891,  is 
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igiven  in  the  following  table,  taken  from  the  last  annual  report  of  the 
New  York  Produce  Exchange. 


Average  Rates  per 

Bushel. 

Year. 

Average  Rates  Per  Bushel. 

Year. 

By  Lake 

By   All 

By  Lake 

Bv  Lake 

By    All 

By   Lake 

and  Canal. 

Rail. 

and  Rail. 

and  Canal. 

Rail. 

and  Ritil. 

Cents. 

Cents. 

Cents. 

Cents. 

Cents. 

Cents. 

1868 

22.79 

42.6 

29.0 

1880 

12.27 

19.9 

15.7 

1869 

25.12 

35.1 

25.0 

1881 

8.19 

14.4 

10.4 

1870 

17.10 

33.3 

22.0 

1882 

7.89 

14.6 

10.9 

1871 

20.24 

31.0 

25.0 

1883 

8.37 

16.5 

11.5 

1872 

24.47 

33.5 

28.0 

1884 

6.31 

13.12 

9.55 

1873 

19.19 

33  2 

26.9 

1885 

5.87 

14.00 

9.02 

1874 

14.10 

28.7 

16.9 

1886 

8.71 

16.50 

12.00 

1875 

11.43 

24.1 

14.6 

1887 

8.51 

15.74 

12.00 

1876 

9.58 

16.5 

11.8 

1888 

5.93 

14.50 

11.00 

1877 

11.24 

20.3 

15.8 

1889 

6.89 

15.00 

8.70 

1878 

9.15 

17.7 

11.4 

1890 

6.85 

14.31 

8.50 

1879 

11.60 

17.3 

13.3 

1891 

5.96 

15.00 

8.53 

During  the  year  1891  there  was  received  at  New  York  124  844  643 
bushels  of  grain  by  rail.  In  this  quantity  are  included  flour  and 
meal.  Let  it  be  assumed  that  all  this  grain  had  been  taken  to  Buffalo 
or  Erie  by  lake,  and  from  these  ports  sent  to  New  York  by  rail.  Had 
it  all  gone  to  Buffalo  and  thence  been  carried  by  canal  and  river, 
the  saving  in  the  cost  of  transportation  would  have  been  2iVo  cents  on 
each  bushel,  giving  a  total  saving  of  ^3  208  500,  an  item  worth  con- 
sidering. 

On  the  Ohio  River  is  found  the  chance  of  comparing  directly  the 
cost  of  carrying  coal  by  river  -wdth  the  cost  of  carrying  it  by  rail.  The 
Pittsburgh  Coal  Exchange  gives  the  following  rates  per  ton  to  the 
various  points  mentioned. 

By  rail.  By  river.        Saving  by  river. 

Wheeling,  W.  Va $0.70  $0.08  $0.62 

Parkersburg,  W.  Va 1.25  0.14  1.11 

Cincinnati,  0 1.70  0.46  1.24 

Louisville,  Ky 2.45  0.53  1.92 

St.  Louis,  Mo 2.50  1.45  1.05 

The  cost  of  the  river  transportation  includes  the  cost  of  returning 
the  empty  packages  to  Pittsburgh.  These  jiackages  are  not  of  the 
sort  to  be  utilized  for  return  freight,  being  entirely  open  and  built 
for  no  other  purpose  than  that  of  carrying  coal. 
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The  folio-wing  table  shows  the  effect  of  competing  river  routes  on 
railway  freight  rates.  The  figures  contained  therein  were  given  by 
the  Louisville,  Ky.,  Board  of  Trade.  They  are  suggestive  of  what 
may  be  expected  whenever  the  use  of  water-ways  is  abandoned. 
The  rates  given  are  those  for  freight  carried  by  rail  to  the  points  men- 
tioned. It  will  be  noticed  that  New  Orleans  is  twice  as  far  from 
Louisville  as  either  Aberdeen,  Winona  or  Grenada,  yet  the  rate  to 
New  Orleans  is  much  less  than  to  any  of  the  other  points.  Why  is 
this?  Simply  because  there  is  a  water  route  by  way  of  the  Ohio  and 
Mississippi  rivers  from  Louisville  to  New  Orleans. 


From  Louisville,  Ky.,  to — 


New  Orleans,  La 

Jackson,  Miss 

Aberdeen,  Miss about 

Winona,  Miss 

Grenada,  Mies 


Bates  in  Cents  peb  100  i^s. 


Dis- 
tance. 


Class. 


Miles. 


811 
565 
400 
4(18 
395 


90 
114 
114 
119 
118 


Bagging    Packing     Flour 
and         House 
Ties.     Products.   Sacks. 


25 

41K 
38 
43 
43 


25 
40 

32  K. 
37 
40 


From  Louisville, 
Ky..  to— 

Distance.    Grain. 

B»er  in 
Wood. 

Liquors 
in  Wood. 

Flour  in 
Barrels. 

Per 
Barrel. 

Special  Iron. 

Miles. 

I> 

K 

H 

F 

L.  C.  L. 

C.L. 

New  Orleans,  La 

811 
565 
400 
40.S 
395 

20 
32 
26 
31 
33 

28 
53 
37 
48 
48 

25 
55 
42 

48 
54 

45 
78 
57 
66 
70 

25 
32 
31 
36 
42 

18 
26  >i 

Aberdeen,  Miss about 

29 
'>9 

36 

Special  iron  list  includes  nails,  bolts,  rivets,  spikes,  fence  wire,  roofing  iron,  bar,  rod, 
sheet  and  band  iron,  horse  and  mule  shoes,  plow  molds,  plow  points,  etc. 

Classes  1,  2,  3,  4,  5  and  6  include  different  classes  of  merchandise,  which  is  classified 
according  to  value,  weight,  liability  to  damage,  etc. 


The  distance  to  New  Orleans,  the  point  farthest  away,  is  2.053  times 
that  to  Grenada,  the  nearest  point;  yet  the  cost  of  transportation  to 
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the  former  is  the  following  per  cent,  of  transportation  to  the  latter, 
accordinR  to  the  classes  in  the  table. 


2 

"  i^^'^  ^ 

77 

B 

55 

3 

81 

C 

60 

4: 

77 

D 

E 

H 

60 

5 

74 

58 

6 

74 

46 

F 

64 

L.  C 

L 

60 

C.  L 

50 

If,  therefore,  Grenada  had  the  advantage  of  water  transportation  it 
might  have  rail  freight  rates  of  about  one-third  of  what  they  are  at 
present. 

These  two  cases,  of  coal  from  Pittsburgh  and  general  merchandise 
from  Louisville,  show  the  great  advantages  to  be  gained  by  the  com- 
petition of  water  routes  by  river.  They  are  a  repetition  of  what  was 
found  to  be  the  case  in  the  carriage  of  grain  from  the  "West  to  the  East. 
But,  it  may  be  argued,  these  data  are  for  long  distances  and  are  not  of 
value  in  determining  rates  when  the  distances  are  less.  To  answer  this 
the  writer  quotes  from  Professor  James'  "  The  Canal  and  the  Eailway  ": 

"  The  Guthrie  Ice  Company  was  engaged  for  several  years  in  ship- 
ping ice  from  Willow  Springs  to  Chicago  by  canal — 14  miles — and  from 
Summit  to  Chicago  by  rail — 9  miles.  The  cost  per  railroad  was  50 
cents  per  ton;  by  canal,  18  cents,  the  toll  being  S5  on  each  boat  carry- 
ing 125  tons  of  ice.  The  rate  per  ton-mile  on  the  railroad  was  5.55 
cents,  and  on  the  canal  1.29.  The  boats  were  emi)ty  one  way,  and  the 
load  had  to  be  moved  against  a  current  of  Ij^  miles  per  hour  in  a  con- 
tracted channel  having  a  cross-section  of  only  about  three  times  the 
area  of  that  presented  by  the  loaded  boat. 

"The  Bodenschatz  and  Earushaw  Company  of  Chicago  gave  the 
rates  at  the  same  date — October,  1886 — per  cord  of  stone  from  their 
quarries  in  Lemont  to  the  city  as  follows:  By  rail,  §4.50;  by  canal,  §1.95. 
The  Excelsior  Stone  Company  gave  the  rate  as  §3.90  and  §1.73,  respec- 
tively." 

The  water-ways  of  France  and  Germany  also  show  economy  of 
transiiortation  when  heavy  bulky  materials  are  to  be  carried.  The 
more  the  question  is  studied,  the  more  desirable  the  use  of  water-ways 
becomes.     It  is  evident  by  the  great  attention  which  many  nations  are 
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bestowing  on  their  navigable  bighways  tbat  there  is  something  real, 
something  tangible,  in  the  economic  results  to  be  obtained  by  water 
carriage.  What  some  of  these  economic  results  may  be  in  the  United 
States,  with  proiDerly  constructed  and  well-organized  water  routes, 
is  dimly  foreshadowed  in  what  has  been  already  briefly  given. 

The  trafl&c  carried  on  the  lakes  in  the  way  of  freight  is  enormous. 
During  the  year  1890  the  amount  of  freight  transported  was  2  003  047 
tons  to  and  from  foreign  ports,  and  28  295  959  tons,  between  domestic 
ports.     This  domestic  trade  may  be  classified  as  follows: 

Tons.  Tons. 

Wheat 807  906     Salt 280  187 

Corn 1769  1.38     Cement 98  937 

Oats 348  216     Stone 323  890 

Barley 141197     Lumber 5  843  421 

Eye 42  609     Shingles 134  461 

Flaxseed 79  086     Lath 56  660 

riour 922  056  Miscellaneous     lumber 

Mill  stuff. 161  138         products 835  118 

Coal 5  735  299  Miscellaneous  freight. .    1  414  750 

Iron  ore 9  132  761                                                 

Pig  iron 128145                 Total 28  295  959 

Copper 40  894  "^ 

All  freight  traffic  between  ports  on  Lakes  Erie  and  Ontario  and 
ports  on  Lakes  Huron,  Michigan  and  Superior  must  pass  through  the 
Detroit  River.  The  net  freight  tonnage  carried  on  this  highway  in 
1890  was  21  888  472  tons.  The  vessel  tonnage,  entrances  and  clear- 
ances in  the  foreign  trade  at  London  in  the  same  year  was  13  480  769; 
and  at  Liverpool  for  the  same  year  it  was  10  941  800,  or  for  the  two, 
24  422  569  tons.  This  total  is  less  by  3  873  390  tons  than  the  domestic 
lake  tonnage  of  the  United  States,  and  greater  than  the  freight  passing 
Detroit  by  only  2  534  097  tons. 

The  actual  freight  passing  through  the  Sault  Ste.  Marie  Canal  dur- 
ing each  of  the  last  three  years  was — 

9  041  213  tons  in  1890 

8  888  759         "     1891 

11  214  333         "     1892 

During  the  seven  months  of  navigation,  May  to  November,  inclu- 
sive, in  1891,  the  amount  of  freight  taken  eastward  from  Chicago  was 
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4  265  934:  tons,  as  stated  by  the  report  of  the  Chicago  Board  of  Trade. 
Of  this  amount  2  705  084  tons  went  by  lake,  and  1  560  850  tons  went  by 
the  folio-wing  railroads :  Grand  Trunk,  Michigan  Central,  Lake  Shore, 
Pittsburgh,  Fort  Wayne  and  Chicago,  Pan  Handle,  Erie,  Baltimore 
and  Ohio,  Wabash,  and  Nickel  Plate. 

As  a  matter  of  curiosity  it  may  be  interesting  to  see  what  would  be 
required  in  the  way  of  rolling  stock  if  the  attemjit  were  made  to  carry 
by  rail  all  the  domestic  lake  traffic  of  the  United  States.  The  most 
powerful  freight  locomotive,  Class  "K,"  used  on  the  Pennsylvania 
railroad,  running  at  15  miles  per  hour  on  a  level  and  straight  track,  can 
exert  a  pull  of  15  300  lbs.  This  at  3  lbs.  per  ton-weight  of  train  would 
draw  a  train-weight  of  5  100  tons  under  favorable  conditions.  If  the 
train  were  made  up  of  heavily  loaded  cars  (i.  e.,  41  tons  each  total), 
there  would  be  124  vehicles.  Taking  the  average  live  weight  at  25 
tons  to  the  car,  there  would  be  required  1  131  835  cars,  or  9  128  trains 
of  124  cars  each.  Allo^\-ing  for  wet  tracks,  for  curves  and  grades  and 
for  other  unfavorable  conditions,  the  theoretical  number  of  cars  may 
be  reduced  to  41  per  train,  which  would  increase  the  number  of  trains 
to  27  384,  giving  117  trains  per  day  for  the  234  days  of  navigation. 

Btill,  with  all  the  advantages  offered  by  water  routes,  the  tendency 
of  freight  is  to  be  absorbed  more  and  more  by  the  railways,  except 
where  natural  lines  of  water  communication  exist  of  such  dimensions, 
and  contain  such  volumes  of  water,  as  to  allow  the  running  of 
vessels  of  large  size.  Such  water-ways  are  the  Great  Lakes,  the  Missis- 
sipi)i  and  Ohio  Eivers,  the  Hudson  Kiver  and  various  bays  and  sounds 
along  the  coasts.  Where  these  are  found,  the  railways  cannot  hope  to 
compete  for  the  carriage  of  certain  lines  of  freight.  But  the  imjjrove- 
ments  which  are  constantly  made  in  railway  practice  and  construction 
liave  made  the  iron  roads  formidable  competitors  for  canals  as  handled 
in  this  country. 

The  best-kno\VTi  canal  route,  the  Erie,  is  losing  ground  steadily  at 
the  present  time,  and  the  causes  which  are  bringing  about  this  state  of 
affairs  are  in  opei*ation  to  an  even  greater  extent  in  other  parts  of  the 
country.  There  are  also  special  local  causes  which  have  their  influence 
on  particular  lines,  but  they  do  not  enter  into  the  general  conditions. 
~  First  among  the  causes  of  the  decadence  of  canals  may  be  placed 
the  entire  misai^jjrehension  of  the  probabilities  and  possibilities  of 
railways.  These  later  lines  of  transportation  came  into  being  before  the 


lOG  MAHAN  ON  INLAND  TRANSPORTATION. 

canals  of  the  United  States  were  fairly  in  working  order.  "When  it  is 
considered  that  but  little  more  than  12  years  had  jiassed  from  the 
date  of  the  opening  of  the  Erie  Canal  to  that  of  the  introduction  of 
railways,  it  may  easily  be  seen  that  the  water-way  had  had  no  oppor- 
tunity of  showing  its  capabilities  when  the  new  highway  apjieared. 
The  i5eoj)le  of  this  country  were  carried  away  by  the  ideas  which  rose 
before  them.  They  saw  the  speed  with  which  vehicles  could  be  moved 
over  the  new  roads,  and  there  is  little  cause  for  wonder  that  their  feel- 
ings should  have  overpowered  their  judgment.  Such  great  and 
marvelous  things  were  expected  from,  and  predicted  of,  the  railways, 
that  the  cause  of  the  canals  was  abandoned  before  it  was  known  what 
they  could  do.  The  quickness  of  the  railway  appealed  to  the  imagina- 
tion, and  visions  of  what  have  siuce  been  found  to  be  impossibilities 
began  to  appear. 

One  marked  difference  exists  between  the  railway  and  the  canal. 
The  former  owes  its  life  to  jjrivate  enterprise,  the  latter  owes  it  to  the 
State.  The  desire  for  gain  is  necessarily  the  mental  condition  of 
capital.  Improvement  of  tools  is  the  natural  result  of  competition. 
Comj^etition  between  lines  cannot  exist  when  one  hand  controls 
both  lines.  It  does  exist  where  lines  are  under  diflferent  managements. 
The  wish  for  the  greatest  returns  from  the  capital  invested  leads  to 
improved  means  for  obtaining  results.  The  best  brains  turned  towards 
cajiital  as  their  work  was  most  appreciated  there.  Government  officials 
in  imi^ortant  positions,  whether  under  the  State  or  under  the  general 
Government,  are  found  to  be  notoriously  underpaid  when  their  re- 
sponsibilities are  compared  with  those  resting  on  the  shoulders  of 
men  occupying  corresponding  positions  under  private  corporations. 
Capital  is  alive  to  its  interests,  the  State  is  not.  Private  business  is 
arranged  on  business  principles,  State  affairs  are  not.  Hence  it  is 
that  during  the  j^ast  50  years  everything  connected  with  railways  has 
undergone  great  improvements;  whereas,  the  water-ways  have  been 
allowed  to  stand  still  when  they  have  not  been  permitted  to  fall  into  ruin. 
During  these  years,  railways  have  been  built  in  all  sorts  of  places, 
under  all  kinds  of  conditions  ;  exiDeriments  beyond  number  have  been 
tried  on  everything  which  enters  into  the  construction  or  management 
of  railways.  The  results  of  trials,  of  tests,  of  experiments,  have  been 
collated,  compared  and  studied  carefully,  and  a  regular  and  systematic 
practice  has  been  developed.      Conventions  of  railway  officials  from 
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all  paxt3  of  tlio  country  are  held  from  time  to  time,  to  consider  and  dis- 
cuss every  conceivable  problem  known  to  railway  practice.  Engineers 
take  up  questions  of  construction  ;  master  mechanics  talk  over  and 
read  papers  on  the  various  jiroblems  i)resented  in  the  building  and 
maintenance  of  rolling  stock  ;  supei-intendents  give  their  experiences 
in  the  maintenance  of  way  and  handling  of  the  lines  ;  j^assenger  and 
freight  agents  investigate  the  many  ways  in  which  business  can  be  ex- 
tended, by  making  lines  better  known,  by  offering  advantageous  rates, 
by  insuring  better  connections,  by  expediting  service  and  by  such 
other  methods  as  may  be  dictated  by  experience. 

What,  then,  is  seen  as  the  result  of  so  much  intelligent  toil  ? 
Compare  the  railway  of  to-day  with  its  predecessor  of  40  years  ago, 
and  what  are  the  points  which  force  themselves  at  once  on  the 
attention  ?  1st.  The  great  improvement  in  the  road  itself;  better 
grades;  easier  curves;  careful  ballasting;  stronger  bridges;  heavier  and 
steel  rails  with  almost  jserfect  joints  between  them.  2d.  Increased 
capacity  of  the  rolling  stock  ;  heavier  locomotives  with  improved 
combustion;  larger  and  stronger  cars;  better  couijling;  automatic 
brakes.  3d.  System  gradually  introduced  into  management;  absorp- 
tion of  many  lines  into  a  continuous  system  under  uniform  control; 
methods  of  soliciting  and  obtaining  business;  safety  in  the  movement 
of  trains;  improvements  at  terminal  points  for  facilitating  the  handling 
of  freight  and  the  movements  of  passengers. 

Such,  in  very  broad  strokes,  are  the  principal  changes  which  have 
taken  place.  But  what  an  expenditure  of  brain-power  has  been 
required  to  bring  them  about !  And,  having  studied  all  these  changes, 
what  is  the  final  result  obtained  ?  It  may  be  expressed  in  one  word — 
economy.  Economy  of  time,  and,  hence,  of  money  ;  because,  as  our 
proverb  has  it,  "time  is  money."  Economy  in  direct  expenses,  and, 
hence,  reduction  in  the  cost  of  service,  as  seen  by  the  difference  in  the 
cost  of  carrying  grain  from  Chicago  to  New  York,  which  was,  in  1868, 
42.6  cents  a  bushel,  while  in  1891  it  was  only  15  cents,  a  reduction  of 
65  per  cent. 

..  How  do  these  improvements  manifest  themselves  ?  A  rail  is  a  beam 
resting  on  several  points  of  support.  The  heavier  rail  bears  the 
greater  load.  The  durability  of  the  steel  rail  is  much  more  than  that 
of  the  iron  rail,  while  its  present  cost  scarcely  varies  from  that  of  the 
latter.     The  lighter  grade  gives  a  greater  load  to  the  same  locomotive. 
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The  easier  curve  reduces  friction.  Stronger  bridges  must  go  •with 
stiffer  rails.  Careful  ballasting  and  nearly  perfect  joints  cause 
smoothness  of  running,  and  reduce  wear  and  tear  on  the  rolling  stock 
by  doing  away  with  the  shocks  caused  by  inequalities  in  the  surface  of 
the  rails.  The  heavier  locomotive  draws  the  heavier  train.  Improved 
methods  of  combustion  evaporate  more  water,  and  hence  obtain  more 
work  from  a  given  weight  of  fuel.  Larger  and  stronger  cars  carry  a 
greater  live  load  for  a  given  dead  load  ;  therefore,  a  greater  quantity  of 
useful  work  for  the  same  effort  put  forth.  Better  couplings  prevent 
accidents  and  save  time.  Automatic  brakes  diminish  expenses  by 
putting  the  train  under  better  and  easier  control,  and  save  hands 
which  are  needed  without  them.  System  saves  time  and  expense  by 
•enabling  the  same  number  of  men  to  do  a  greater  amount  of  work. 
Consolidation  or  absorption  of  many  lines  into  one  whole  brings 
■uniformity  of  practice,  more  prompt  dispatch  of  business,  and  gets  rid 
of  many  officials.  Systematic  soliciting  of  business  brings  roads  into 
prominence  and  allows  the  shipper  to  know  without  trouble  what 
points  he  can  reach  and  how  to  make  his  shipments  with  the  least 
inconvenience  and  greatest  advantage  to  himself.  Improved  terminal 
facilities  allow  of  much  larger  masses  being  handled  in  a  given  space 
of  time.     There  is  room  for  work,  and  confusion  is  removed. 

These  are  but  few  of  the  causes  which  have  led  to  the  great 
success  of  railways  and  to  their  taking  so  commanding  a  position  in 
the  workings  of  the  community.  The  causes  are  of  importance  in  this 
article  in  order  to  show  what  has  been  done  for  the  railways  and  what 
has  been  left  undone  on  the  minor  water-ways.  On  those  of  greater 
importance,  such  as  the  Great  Lakes  and  some  of  the  more  traveled 
rivers,  many  improvements  have  been  made;  but  the  canals  are  where 
they  were  25  years  ago,  years  during  which  the  railways  have  gone 
ahead  with  their  greatest  strides. 

Let  us  see  if  any  jjarallel  can  be  made  between  the  improvements 
made  on  the  railways  and  those  which  are  required  for  canals.  The 
prism  of  the  canal  corresponds  with  the  roadbed  of  the  railway.  The 
strength  of  the  rail  finds  its  counterpart  in  the  area  of  the  cross- 
section  of  the  i^rism.  The  durability  of  the  rail  is  represented  in  a 
certain  way  by  the  firmness  of  the  banks  of  the  canal.  Lighter  grades 
are  repeated  in  more  convenient  means  for  overcoming  the  step  from 
one  level  to  the  next.     Curves,  ballasting  and  joints  have  no  counter- 
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part  on  the  water-way.  Increased  power  in  the  locomotive  is  com- 
parable with  better  means  of  locomotion  in  the  canal.  Improvement 
in  combustion  can  be  applied  here  as  well  as  on  the  railway.  Larger 
and  stronger  cars  are  comparable  with  larger  and  stronger  boats. 

In  addition  to  these  points  of  similarity  there  are  others  which 
apply  alone  to  canals.  For  example  :  the  question  of  rainfall  in  the 
matter  of  the  water  supply  for  canals  is  one  of  the  highest  importance, 
but  where  is  it  studied  systematically  ?  What  experiments  have  been 
made  on  the  traction  of  boats,  to  determine  whether  their  present  shape 
is  that  which  adapts  itself  best  to  economy  of  the  power  needed 
for  locomotion,  or  to  learn  whether  improvements  can  be  made, 
and,  if  so,  what  they  are  ?  One  trouble  with  canals  is  the  slow  rate 
of  speed  which  boats  must  hold  so  that  the  waves  made  by  them 
shall  do  no  harm  to  the  banks ;  but  what  is  done  in  the  way  of 
studies  to  determine  the  best  mode  of  i^rotection  so  that  a  higher 
rate  of  speed  can  be  allowed  without  injury  to  the  banks  ?  The 
passage  of  a  boat  from  one  level  to  the  next  is  always  attended 
with  a  great  loss  of  time.  With  the  ordinary  lock  there  are  three 
phases  of  this  operation  :  1st,  the  boat  must  enter  the  lock ; 
2d,  the  lock  must  be  emptied  or  filled  so  that  the  boat  can  be 
lowered  or  raised;  3d,  the  boat  must  pass  out  of  the  lock.  What 
can  be  done  to  reduce  the  time  required  for  any  or  all  of  these 
operations  ?  When  these  different  phases  have  to  be  repeated  several 
times,  as  is  the  case  with  a  flight  of  locks,  the  loss  of  time  is  some- 
thing of  great  moment.  If  there  be  seven  locks  and  it  require  20 
minutes  to  pass  each  one,  the  time  required  for  all  will  be  140  minutes, 
or  2  hours  and  20  minutes,  which  corresponds  to  a  horizontal  dis- 
tance, traveled  along  a  level,  of  7  miles  at  the  rate  of  3  miles  an  hour. 
Leakage  around  lock  gates  is  a  serious  question  in  connection  with  the 
water  sui)ply;  is  the  construction  of  lock  gates  studied  with  a  view  to 
stopping  these  losses  ?  And  what  terminal  facilities,  with  a  proper 
equipment  of  hoisting  engines,  sheds,  storerooms,  etc.,  have  ever  been 
considered  ?  How  should  they  be  designed,  how  constructed  and  how 
arranged  so  that  boats  may  be  unloaded  and  loaded  with  the  least  loss 
of  time  ?  These  are  a  few  of  the  questions  which  must  present  them- 
selves to  him  who  examines  even  cursorily  the  service  of  a  canal.  They 
and  many  others  are  subjects  of  constant  study  abroad,  and  why  should 
they  not  be  so  with  us  ?    From  the  nature  of  our  institutions  they 
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cannot  be.  Rotation  in  office  is  fatal  to  the  study  of  any  question  for 
the  solution  of  which  time  is  demanded.  Constant  changing  of  the 
chief  of  an  office  or  department  prevents  any  settled  policy  from  being 
carried  out,  even  if  some  one  chief  have  succeeded  in  formulating  one. 
"With  a  tenure  of  office  of  only  one  or  two  years,  how  is  it  jsossible  to 
accomplish  any  good  work,  or  bring  about  a  lasting  result  ?  Scientific 
problems  can  be  solved  only  by  many  years  of  devotion  to  collecting 
facts  and  data,  to  assorting  and  studying  them,  to  interpreting  the 
results  and  to  finding  the  remedies  for  the  defects.  How  can  this 
work  be  done  by  a  series  of  men,  none  of  whom  remain  in  office  long 
enough  to  master  the  details  of  the  work,  much  less  to  originate  any- 
thing for  improvement. 

How  can  legislators,  who  rarely  retain  their  seats  for  more  than  one 
or  two  terms,  act  intelligently  on  such  matters  ?  Scarcely  do  they 
begin  to  appreciate  the  imi^ortance  of  a  subject  when  other  j)ersons 
are  selected  to  take  their  places,  and  the  modicum  of  knowledge 
which  the  outgoers  have  succeeded  in  acquiring  is  lost,  and  the  In- 
comers have  to  go  over  the  same  ground  as  their  i^redecessors  and 
learn  the  needs  of  the  service  by  the  same  laborious  methods. 
Legislators,  moreover,  are  rarely  schooled  in  scientific  methods  of 
work  or  in  the  accuracy  of  thought  necessary  for  the  consideration 
of  these  questions.  They  fail  to  appreciate  the  wisdom  of  the  proverb 
of  Solomon:  "There  is  that  scattereth,  yet  increaseth;  and  there  is 
that  withholdeth  more  than  is  meet,  but  it  tendeth  to  jjoverty. " 

The  condition  of  the  inland  navigation  of  the  country  can  scarcely 
be  called  satisfactory.  Aside  from  the  Great  Lakes  and  a  few  of  the 
more  important  streams,  navigation  may  be  said  not  to  exist  so  far  as 
any  practical  uses  are  concerned.  For  the  natural  water-ways,  which 
are  mostly  under  the  care  of  the  general  Government,  no  sys- 
tematic plan  on  a  broad  and  comprehensive  scale  has  ever  been 
adojited,  and  the  writer  is  not  aware  that  any  such  plan  has  ever  been 
j)roposed.  Eff"orts  are  made  to  improve  certain  streams,  but  each 
stream  is  treated  simjily  as  a  problem  in  hydraulics  and  not  as 
a  part  of  a  problem  in  commerce  or  transjiortation.  The  local  condi- 
tions and  needs  of  the  stream  are  studied,  but  not  the  broad,  general 
plan  into  which  it  may  be  incorjjorated  as  a  link.  Although  the  work 
has  been  localized  on  different  streams,  there  has  been  much  accom- 
plished.    "We  may  take  the  cases  of  the  Monongahela,  Great  Kanawha 
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and  Tennessee  rivers,  all  trilDutaries  of  tlie  Ohio.  Great  improvements 
have  been  made  on  these  streams;  on  the  first,  partly  by  jjrivate  enter- 
prise, and  partly  by  government  work;  on  the  second  and  third,  by 
the  general  Government  alone.  The  main  jjart  of  the  work  was  done 
on  the  Monongahela  before  the  general  Government  considered  either 
the  continuation  of  the  improvement  of  this  stream  or  the  beginning 
of  that  of  the  others.  After  the  work  on  all  of  these  streams  was 
undertaken,  each  one  was  under  the  charge  of  a  different  engineer, 
and  the  improvement  of  each  has  been  carried  on  according  to  its  own 
local  conditions  as  a  separate  stream  and  not  as  a  part  of  the  great 
Ohio  system,  and  still  less  of  the  greater  Mississippi.  But  can  im- 
provements be  conducted  advantageously  in  this  way  if  the  future 
development  of  the  country  is  to  be  taken  into  consideration?  The 
worst  feature  of  the  case  is  that  the  same  lack  of  system  must  be  con- 
tinued until  the  necessity  of  taking  a  comprehensive  view  of  the  needs 
of  the  country,  in  the  direction  of  inland  navigation,  is  forced  on  our 
legislatis^e  bodies  by  the  strength  of  public  ojjinion. 

"VNTiile  the  legislative  bodies  of  the  country  usurp  the  functions  of 
the  executive  no  betterment  of  the  case  can  be  expected.  On  the 
continent  of  Europe  the  studies  of  what  is  needed  for  the  imi^rove- 
ment  of  lines  of  communication  under  government  control  are  first 
made  by  the  executive  departments.  The  projects  are  carefully  worked 
over,  and  solutions  are  found  for  all  the  problems  which  the  course  of 
the  investigation  raises.  The  order  in  which  the  various  jjortions  of 
an  improvement  should  be  begun  is  laid  down,  and  the  whole  project, 
after  having  been  declared  to  be  of  j)ublic  utility,  is  submitted  to  the 
legislative  body,  to  jDrovide  the  necessary  funds. 

How  different  this  system  from  the  lack  of  system  existing  with  us, 
where  the  legislative  body  originates  and  determines  what  is  necessary 
and  what  is  not,  and  even  directs,  at  times,  that  a  certain  sum  of  money 
must  be  expended  at  a  given  point  without  any  idea  whether  the  sum 
mentioned  will  be  too  little,  enough,  or  too  much. 

If  the  state  of  the  natural  water-ways  is  so  poor,  what  may  be  said 
of  that  of  the  artificial  ones  ?  The  canals  have  to  contend,  not  only 
against  lack  of  system  in  construction,  but  also  against  constant  and 
vigorous  attacks  made  upon  them  by  their  ignorant  and  prejudiced 
rivals,  the  railways,  and  against  the  apathy  of  the  jjublic  as  regards 
all  questions  which  are  not  i:)laced  close  before  men's  eyes.     Persons 
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interested  in  railways  constantly  decry  the  canals  ;  they  claim  and  pro- 
claim that  the  day  of  canals  is  jjassed  ;  that  canals  have  outlived 
their  usefulness;  that  people  will  no  longer  submit  to  the  slowness  of 
canal  movement  in  the  handling  and  transportation  of  goods.  This 
cry  is  taken  up  by  certain  journals  (and  they  are  numerous)  which  "wdll 
sell  their  influence  for  a  few  free  rides,  or  by  others  which,  having  made 
no  deep  study  of  the  facts,  are  misled  by  the  hue  and  cry  started  by 
the  railways,  which  only  desire  the  closing  of  the  canals  in  order  that 
rates  may  be  raised  to  the  highest  point  which  the  traffic  will  bear. 
This  cry  is  repeated  again  by  the  great  mass  of  the  people  who  "  think 
they  think  what  they  are  taught,"  and  who  repeat  like  parrots  what 
interested  agents  and  a  subsidized  press  have  told  them. 

Is  it  true  that  canals  are  out  of  date  and  that  they  have  outlived 
their  usefulness  ?  Let  it  be  remembered  that  the  canal  of  to-day 
varies  little  from  the  canal  of  50  years  ago  ;  and  remembering  this, 
let  us  ask  :  What  would  be  the  probable  state  of  the  canals  if  improve- 
ments on  them  had  kept  pace  with  those  on  the  railways  ?  What,  if 
enlarged  prisms  and  more  capacious  locks  had  been  substituted  for  the 
contracted  dimensions  now  in  use  ?  What,  if  boats  were  propelled  at 
greater  speed,  so  that  the  distance  now  covered  in  two  days  could  be 
passed  over  in  one  ?  The  railway  and  the  canal  are  both  freight  carriers. 
They  may  be  compared  to  two  factories  which  turn  out  the  same  line 
of  goods.  How  would  it  be  if  one  of  these  establishments  had  gone 
on  as  it  did  50  years  ago,  without  improvement,  while  the  other  had 
kept  itself  supplied  with  all  the  new  machines  for  saving  labor,  for 
preparing  the  raw  material  and  for  turning  out  the  finished  product  ? 
Would  not  the  former  have  been  ruined  long  ago  and  would  not  the 
latter,  in  all  ^probability,  have  become  prosjierous  ?  This  being  so, 
does  it  not  ajjpear  as  though  there  must  be  a  great  vitality  in  the 
canal,  if,  having  stood  still,  lo  !  these  many  years,  it  can  yet  hold  its 
own  against  all  the  improvements  which  have  been  introduced  on  the 
railway  ? 

It  would  be  natural  to  assume  that  those  who  are  most  interested  in 
having  their  work  made  easier  and  more  profitable,  the  boatmen  them- 
selves, would  be  the  first  to  call  for  improvements.  But  such  does  not 
seem  to  be  the  case.  So  far  as  canals  are  concerned,  the  mental 
activity  of  the  carriers  seems  to  be  on  a  par  with  the  traditional  speed 
of  their  boats.     The  writer  has  heard  the  following  objection  urged 
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against  the  enlargement  of  the  Erie  Canal  :  "  If  the  canal  be  enlarged, 
larger  boats  will  be  used,  and  our  present  boats  will  be  a  loss."  Of 
course,  the  larger  boats  will  drive  out  the  smaller,  but  meanwhile  the 
smaller  boats  must  remain  at  work  until  the  whole  line  is  capable  of 
passing  the  larger  boats.  The  improvement  of  the  canal  cannot  be 
brought  about  in  a  day,  a  month  or  a  year.  As  it  continues,  the 
smaller  boats  can  be  retired  and  the  improved  equipment  be  obtained. 
Does  a  railway  hesitate  to  adapt  its  track  for  increasing  loads  simply 
because  it  has  on  hand  a  large  number  of  small  cars  '? 

Another  opposition  to  the  canals  comes  from  the  taxpayers.  As 
the  Government,  whether  general  or  state,  has  assumed  the  charge  of 
the  water-ways,  the  funds  for  their  construction  and  maintenance  must 
come  from  the  piiblic  treasury,  and  hence  be  obtained  by  taxation. 
The  i3eople  who  live  at  a  little  distance  from  the  line  of  the  water-way 
are  unable  to  see  the  indirect  advantages  which  they  gain.  They  see 
simply  so  many  dollars  jsaid  to  the  state  on  account  of  canals.  They 
do  not  see  to  what  an  extent  the  canal  controls  the  railway  rates  of 
transportation.  This  is  clearly  shown  by  the  action,  in  the  Legislature 
of  the  State  of  New  York,  of  the  representatives  from  the  counties  of 
the  southern  tier  and  those  from  the  northern  and  north-eastern  parts  of 
the  State.  These  counties,  being  comparatively  remote  from  the  canal, 
do  not  see  the  benefits  which  they  receive  from  it.  They  forget  that 
the  canal  made  the  important  cities  of  New  York  and  Buffalo  what  they 
are,  and  that  it  developed  the  smaller  towns  of  Rochester,  Utica, 
Syracuse,  and  others  along  its  line.  They  lose  sight  of  the  fact  that 
they  really  receive  back  in  the  way  of  appropriations  sums  larger  than 
their  taxes,  the  excess  being  paid  by  the  parts  of  the  state  which 
have  become  enriched  by  the  canal.  i 

The  disregard  of  the  interests  of  the  people,  shown  by  the  legisla- 
tures of  many  of  the  States  in  neglecting  their  canals,  is  little  short 
of  a  crime.  For  such  action  as  turning  over  the  canals  of  a  state  to 
the  tender  mercies  of  a  railway,  as  was  done  by  the  Legislature  of  the 
State  of  Pennsylvania  when  it  abandoned  the  canals  to  the  Pennsyl- 
vania Railroad,  it  is  hard  to  find  a  suitable  term.  It  partook  of  the 
treachery  of  Judas.  The  transportation  interests  of  the  whole  jjeople 
of  the  state  were  sacrificed  to  the  few  who  were  interested  in  the  rail- 
way. "Who,  traveling  along  the  line  of  this  road,  can  feel  otherwise  than 
sick  at  heart  to  see  the  ruins  of  the  great  canal  which  lay  alongside  of 
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the  Juniata  River;  the  revetments  of  its  embankments  tumbling  to 
pieces;  the  locks  gone  to  decay;  and  the  rotting  remnants  of  gates  and 
gate  posts  at  such  parts  of  the  canal  as  are  not  actually  occuiiied  by  the 
tracks  of  the  railway?  It  is  a  sight  which  mars  sadly,  for  the  thinking 
mind,  the  beauty  of  the  country  through  which  the  line  jiasses. 

Do  we  find  abroad  any  abandonment  of  canals  comparable  with  what 
has  taken  j^lace  in  the  United  States?  So  far  as  is  known  to  the  writer, 
Great  Britain  is  the  only  country  where  the  scare  caused  by  the  arrival 
of  the  railway  brought  about  the  actual  giving  uj)  of  the  lines  of  canals. 
The  story  is  a  curious  one,  involving  as  it  does  cuj)idity,  alarm  and 
lack  of  investigation.     Quoting  Professor  James  again  we  find  that : 

"In  England  one  of  the  circumstances  which  contributed  power- 
fully to  the  ultimate  victory  of  the  railway  was  the  extraordinary 
obstinacy  with  which  canal  owners  clung  to  their  high  dividends, 
refusing  to  abate  one  jot  or  tittle  of  their  high  tolls,  fighting 
the  railways  at  all  possible  points,  until  railway  managers  saw  that 
they  must  concentrate  their  efforts  upon  breaking  down  the  canal 
opposition.  Even  when  the  canal  owners  saw  the  traffic  departing 
from  the  canal  for  the  railway,  they  still  refused  to  take  the  ouly 
course  which  lay  ojien  to  them,  viz.,  the  enlargement  and  improve- 
ment of  the  canals  and  the  consequent  cheapening  of  the  tolls.  When 
once  the  break  was  made  in  the  case  of  a  few  great  lines,  and  the  fact 
became  became  clear  that  traffic  was  being  raj)idly  diverted,  canal 
owners  became  frightened  and  were  willing  to  take  what  they  could 
get  for  their  property.  It  became  impossible  to  get  caj^ital  for  the 
improvement  of  canals  for  two  reasons :  peojile  began  to  distrust  their 
jjermanent  pros^jerity,  and  the  railway  mania,  which  was  now  fairly 
under  way,  absorbed  all  the  capital  that  was  to  be  had. " 

In  England,  as  in  the  United  States,  the  directors  of  railways  saw 
that  the  best  thing  for  them  to  do  was  to  obtain  jiossession  of  the 
canals  and  let  them  go  to  ruin.  In  1880,  in  England,  Scotland  and 
"Wales,  out  of  4  033  miles  of  canal  and  canalized  river  navigation 
1  447  miles  were  in  the  hands  of  railways,  948  miles  having  passed 
under  railway  control  in  the  years  1845—46-47. 

Even  at  their  best  the  condition  of  the  canals  was  such  as  to  render 
them  unable  to  comi^ete  with  the  railways,  not  only  in  England,  but 
elsewhere.  They  had  been  built  on  absolutely  no  system  at  all.  They 
were  simply  a  series  of  ditches  of  small  cross-section  and  with  insig- 
nificant locks  wherewith  to  jiass  from  one  level  to  the  next.  The 
widths  varied  as  did  their  depths;  there  was  no  uniform  system  of 
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tolls;  tliere  were  no  arrangements  for  the  quick  handling  ana  forward- 
ing of  freight.  The  capacity  of  a  line  of  canal  is  that  of  its  smallest 
prism  and  smallest  lock.  No  matter  how  great  the  dimensions  of  the 
parts  on  either  side,  this  smallest  part  controls  the  traffic  of  the 
whole.  Unlike  the  grade  of  a  railway  Avhere  an  extra  locomotive  may 
be  used  to  help  over  with  trains  too  heavy  for  one,  the  canal  lock  is 
an  insuperable  obstacle. 

How  could  such  lack  of  system  stand  up  against  the  combination 
of  the  railways  ?  It  was  impossible  to  readjust  matters  so  as  to  meet 
the  new  turn  of  affairs.  The  men  in  control  had  gone  along,  undoubt- 
edly, in  the  old  ruts,  and  when  the  new  opponent  appeared  they  were 
unable  to  shake  oflf  the  lethargy  into  which  they  had  fallen.  The 
rude  awakening  dazed  their  vision.  Their  sight  was  dimmed.  Appar- 
ent ruin  stared  them  in  the  face.  Canal  directors  are  like  other 
people.  When  a  wreck  is  threatened  the  cry  is,  "save  himself  who 
can."  Undoubtedly  the  cause  would  have  been  far  different  had  the 
canals  belonged  to  the  Government  as  they  did  m  France  and  else- 
where on  the  Continent. 

Even  in  France  the  influence  of  the  railway  mania  was  seriously 
felt.  Under  the  reign  of  Napoleon  a  systematic  development  of  the 
canals  of  France  had  been  begun.  Every  year  the  money  spent  on 
canals  increased  in  amount,  until  shortly  after  the  introduction  of 
railways,  when  the  yearly  expenditure  fell  off  rapidly  for  some  25  or 
30  years.  By  that  time  it  was  seen  that  the  railways  were  not  omnipo- 
tent ;  that  there  was  traffic  better  fitted  for  the  canal  than  for  the 
railroad.  Then  the  annual  expenditures  began  to  increase,  both  for 
canals  and  for  the  canalization  of  rivers.  The  invention  of  movable 
dams  by  Messrs.  Poiree  and  Chanoine  gave  a  tremendous  impetus  to 
inland  navigation,  and  to  the  careful  study  of  how  best  to  improve 
the  many  streams  which,  up  to  that  time,  had  run  to  waste.  The 
devices  and  improvements  of  Messrs.  Desfontaine,  Girard,  Boule, 
Camere,  Jacquet,  Krantz,  and  hosts  of  their  fellow-workers,  sent 
France  far  ahead  in  this  improvement  of  her  natural  water-courses, 
while  at  the  same  time  the  canals  were  daily  becoming  more  and  more  a 
serious  study.  With  the  practical  adajjtability  of  the  French  iu 
all  fiscal  questions,  the  solution  was  soon  found,  and  its  result  was 
the  measure  adopted  while  de  Freycinet  was  Minister  of  Public 
Works,  in  1879.     This  great  scheme  made  all  the  canals  of  the  State, 
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•with  few  unimportant  exceptions,  of  uniform  gauge,  if  such  a  term 
may  be  applied  to  a  canal.  With  uniform  prisms  everywhere,  with  the 
length  and  width  of  the  locks  the  same  in  all  parts  of  France,  it  will 
soon  be  possible  to  send  a  cargo  from  Dunkirk  or  Calais  on  the  North 
Sea  and  British  Channel  to  Marseilles  on  the  Mediten-anean,  to  Havre 
at  the  mouth  of  the  Seine,  or  to  Bordeaux  just  off  the  Bay  of  Biscay, 
without  breaking  bulk  or  disturbing  the  contents  of  a  boat.  Here,. 
then,  was  a  great  advance.     But  is  it  sufficient  ? 

In  an  interesting  paper  by  M.  Fleury,  on  the  "Respective  Roles  of 
"Water- Ways  and  Railways  in  Transportation,"  presented  at  the  Inter- 
national Congress  on  Inland  Navigation,  held  at  Paris  a  year  ago,  we 
find  a  partial  answer: 

'*  In  the  east  of  France,  in  that  very  region  where  the  boating 
interest  did  so  much  formerly  toward  the  creation  and  development 
of  metallurgic,  chemical  and  manufacturing  interests,  the  quanti- 
ties of  heavy  materials  carried  by  rail  become  more  and  more  pre- 
ponderating. The  transi3ortation  of  fuel  to  Nancy  by  water  is 
diminishing,  whereas  a  notable  increase  marks  that  by  rail.  This 
is  especially  the  case  with  French  coal,  of  which  the  amount, 
carried  by  water  was,  in  1886,  to  that  carried  by  rail  as  2.63  to  1.  In 
1889  this  ratio  had  fallen  to  less  than  unity.  In  1892  it  had  fallen 
to  less  than  one-half.  Iron  ores  from  Belgium  and  the  North  also 
disappeared  for  a  while  from  1887  to  1889,  although  they  now  seem  to 
be  coming  back.  Salts  and  sodas  are  also  showing  at  the  present  time 
a  manifest  preference  for  the  railway.  Cotton  also  from  Havre  to 
many  manufacturing  towns  in  the  Vosges  has  largely  deserted  the 
canal.  In  1890  more  than  4  000  tons  of  this  sj^ecially  profitable 
freight  was  lost.  The  same  is  the  case  with  wools.  Toward  the 
center  it  is  noticed  that  charcoal,  which,  from  time  immemorial,  has 
come  to  Paris  by  water,  is  now  beginning  to  come  by  rail.  On  the 
Central  Canal  carrying  coal  from  Decize  to  Creusot  has  disapjjeared 
since  1889.  An  amount  of  70  000  tons,  it  may  be  said  safely,  has 
given  up  boats  for  cars  in  this  one  direction  alone. " 

After  making  many  comparisons  between  the  freight  rates  by  water 
and  by  rail,  M.  Fleury  informs  us  that  there  are  other  causes  than 
these  which  have  destroyed  certain  sorts  of  transportation  which  the 
canals  used  to  enjoy.  For  example  :  141  995  tons  of  coal  passed  down 
the  Oise  in  1889  en  route  to  the  Lower  Seme;  whereas,  only  108  577 
passed  in  1890.  *'  This  loss  cannot  be  charged  with  certainty  to  the 
railways.  It  is  more  than  likely  that  it  is  due  to  imi^ortations  of 
English  coal  coming  up  the  Seine,  the  increase  in  one  year  being  from 
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68  000  to  184:  000  tons,  of  which  the  boating  interest  got  the  benefit." 
Again  he  tells  iis  that  the  lowest  rates  are  not  those  M'hich  have  clone 
so  mi;ch  to  divert  traffic  from  the  canals  to  the  railways.  For  example: 
the  carrying  of  baled  cotton  from  Havre  to  the  interior  has  mostly 
gone  to  the  railroad,  although  the  prices  which  the  boating  interest 
could  obtain  would  still  enable  them  to  compete  successfully  with  the 
roads.  "However,  in  this  case,  as  in  many  others,  the  boats  have 
given  up  the  fight.  Why  must  freights  by  water  be  to-day  so  little 
below  those  by  rail  ?  "  This  question  he  answers  as  follows,  and  it 
will  be  seen  that  the  causes  working  at  home  are  at  work  abroad. 

"The  boating  industry,"  says  M.  Fleury,  "seems  too  often  not 
to  know  that  there  is  an  inexorable  law  called  progress;  those  who  do 
not  obey  it  must  go  under.  Boating  is  now  very  nearly  what  it  has 
long  been.  The  traditional  shape  of  the  boat  might  doubtless  be 
improved  so  as  to  give  less  resistance  to  traction;  are  not  the  methods 
of  towing  susceptible  of  being  perfected  so  that,  while  making  move- 
ment more  regular,  it  can  also  be  made  less  costly  ?  But  the  way  in 
which  boating  affirms  its  inferiority,  so  to  sjaeak,  as  regards  railways, 
is  in  the  lack  of  organization  involving  great  losses  of  time  and  an 
insufficient  use  of  vessels. 

"Railways,  it  must  be  acknowledged,  have  made  many  and  great 
advances,  while  boating  has  been  standing  still.  Locomotives  now 
haul  400  tons  of  live  weight,  without  requii-ing  more  fuel  or  hands 
than  they  used  formerly  for  only  200  tons.  Tracks  are  stronger  and 
better,  the  rolling  stock  is  better,  better  oiled,  whence  a  great 
reduction  in  resistance.  It  is  vain  to  say  that  at  $800  a  car, 
the  transf)ortation  of  300  tons  by  rail  requires  $24  000  worth  of 
rolling  stock;  whereas,  a  boat  of  the  same  capacity  only  costs  one- 
sixth  as  much.  What  does  it  matter  provided  that  the  cars  do  six 
times  as  much  useful  Avork  as  the  boat  ?  And  this  is  the  case.  Since 
1886  the  railways  utilized  the  caj^acity  of  their  freight  stock  37  times  a 
year,  while  the  boats  were  used  but  eight  times.  Lately  the  disjjro- 
portion  has  become  still  more  marked,  although  the  coefficient  of  the 
utilization  of  boats  has  increased  11  per  cent.  Other  investigations  of 
the  same  sort  would  also  lead  to  the  conclusion  that,  in  spite  of  all 
scientific  reasons  to  the  contrary,  the  cost  of  haialing  goods  by  rail  is 
not  much  greater  than  that  by  canal.  But,  I  have  just  mentioned,  it 
is  in  violation  of  the  natural  laws  observed  by  science  that  the  poor 
organization  of  the  boating  service,  its  routine,  its  distrust  of  new 
methods,  its  dislike  for  change  of  habits,  have  given  rise  to  this  shock- 
ing anomaly  and  allow  it  to  exist.  Boating  must  change  if  it  is  to 
continue  to  exist.  Let  it  perfect  its  boats  and  imj^rove  its  methods  of 
moving  its  vessels.     This  will  be  accomplishing  much  ;  but,  above  all, 
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let  it  use  its  time  better  on  tlie  road  and  in  those  frequently  long  stops- 
at  ports  while  seeking  freights  in  any  hajihazard  way.  Let  all  this  be 
aided  by  a  reduction  in  the  minimum  time  required  for  passing  a  boat 
through  a  lock  and  in  that  needed  for  closing  the  canal  for  repairs.  By 
this  better  use  of  time  boating  will  be  more  sure  of  success  in  main- 
taining and  increasing  its  business  :  rates  of  four-tenths  of  a  cent  per 
ton  per  mile  will  no  longer  scare  it,  and  it  will  be  long  ere  the  railways 
can  follow  down  to  such  a  figiu-e.  It  will  remain  in  control  of  the  jjart 
of  the  carrying  trade  which  tradition  still  continues  to  give  to  it.  It 
will  have  served  the  interests  of  the  public  as  well  as  its  own. " 

M.  Fleury  then  refers  to  the  law  of  1879,  which  calls  for  a  mini- 
mum dejDth  of  6.56  ft.  in  the  canal  and  locks  having  an  available 
length  of  126.28  ft.  and  width  of  16.40  ft  ;  he  calls  attention  to  the 
great  injury  done  to  navigation  by  not  having  the  application  of  this 
law  extended  to  all  lines  of  canal  in  the  country,  and  then  urges  the 
completion  at  the  earliest  possible  moment  of  this  great  and  advan- 
tageous improvement. 

In  S23ite  of  the  dark  picture  drawn  by  M.  Fleury,  it  will  be  found 
in  a  pajjer  presented  at  the  same  congress  by  M.  Delaunay-Belleville, 
that  the  tonnage  carried  by  the  French  lines  of  inland  navigation 
amounts  to  the  respectable  figure  of  1  997  181  540  mile-tons  for  the  year 
1890.  The  railway  mile-tonnage  for  the  same  year  was  7  292  391  218. 
Hence,  the  freight  carried  by  the  inland  lines  of  navigation  was  27.3^^ 
of  that  carried  by  all  the  railways  combined.  The  length  of  the  water- 
ways frequented  by  boats  is  7  946  miles,  the  length  of  the  railways  is 
20  667  miles  ;  hence,  the  water  tonnage  reduces  to  251  000  tons  carried 
the  entire  length  of  the  navigable  highways,  and  the  rail  tonnage  to 
353  000  tons  carried  the  whole  length  of  the  railways.  The  average 
activity  per  mile  of  water-way  is  therefore  about  ^^  of  the  average  ac- 
tivity per  mile  of  railway.  Finally,  the  average  distance  of  transporta- 
tion of  a  ton  of  freight  was  79  miles  by  rail  and  82  miles  by  water. 

The  total  quantity  of  freight  embarked  on  the  navigable  highways 
in  1890  reached  24  167  343  tons.  The  total  tonnage  of  the  French  sea- 
ports, including  arrivals  and  departures,  and  the  three  great  classes  of 
trade  "Foreign,  Deep-Sea  Fisheries,  and  Coasting,"  was  24  814  497 
tons  in  the  same  year,  1890.  \ 

The  freight  carried  is  grouped  under  ten  different  heads:  Coal, 
building  materials  exclusive  of  wood,  manures  and  fertilizers,  firewood 
and  timber,  machinery,  metallurgic  industry,  industrial  products, 
agricultural  products  and  provisions,  miscellaneous  articles,  wood  of 
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all  sorts  moved  iu  rafts.  These  may  be  reduced  to  three  grand  divisions : 
1st,  i^rodiicta  of  the  extractive  industries,  such  as  coal,  building  mate- 
rials, ores  and  mineral  fertilizers  ;  2d,  forest  and  agricultural  pro- 
ducts and  food  supplies  (including  vegetable  and  animal  manures); 
3d,  metallurgic  and  industrial  products  and  miscellaneous  articles. 
The  quantities  carried  are — 

Of  the  first  class 16  161  905 

"        second  class 6  100  045 

third  class 1905  393 

The  increase  in  the  navigation  traffic  from  1881  to  1890,  both  inclu- 
sive, is  as  follows:  the  actual  tonnage  of  freight  loaded  on  board  rose 
from  19  740  239  tons,  in  1881  to  24  167  343  in  1890,  or  an  increase  of 
'2-2A%;    the   total   mile-tonnage   rose    from    1  350  383  817   in    1881   to 

1  997  181  540  iu  1890,  or  an  increase  of  47.8;V;  the  average  length  of 
haul  was  increased  from  68.5  to  83  miles.  Hence,  not  only  did  the 
commercial  importance  of  the  traffic  increase  more  than  22%  during 
this  last  decade,  but  the  use  of  the  water-ways  was  greatly  improved, 
since  the  average  length  of  haul  of  1  ton  was  increased  21  per  cent. 

A  comi^arison  between  the  railway  and  water  freights  shows  that 
the  mile-tonnage  increased  on  the  canals  4.8%'  per  year  during  the 
decade;  whereas,  on  the  railways  it  increased  less  than  1%  per  year  ia 
the  same  time. 

M.  Delaunay  then  says  :  "  The  increase  in  the  use  of  the  water- 
ways must  be  attributed  almost  exclusively  to  their  constant  improve- 
ment, the  increase  being  not  less  than  21550  5  it  cannot  be  doubted  that 
the  gradual  removal  of  the  breaks  in  the  uniform  gauge  of  the  canals 
has  allowed  the  boats  to  make  longer  and  longer  trips  without  break- 
ing bulk." 

This  sameness  of  gauge  has  been  carried  over  a  length  of  1  556 
miles  between  1878  and  1890,  and  it  now  (1890)  rules  on  a  length  of 

2  462  miles  of  the  French  canals. 

A  great  drawback  to  the  full  usefulness  of  the  French  canals  is  to 
be  found,  according  to  M.  Delaunay,  in  the  lack  of  technical  and  com- 
mercial equipment,  that  is,  projjer  machines  for  handling,  and  suita- 
ble wharves,  sheds,  etc.,  for  storing  and  sorting  goods.  This  lack  ho 
compares  Avith  the  admirable  equipment  of  the  seaports  and  of  the 
large  railway  stations. 

Large  industrial  establishments  have  frequently  their  own  landing 
places,  which  are  thoroughly  well  jirovided  with  everything  needed 
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for  handling  freights  and  for  storing  them.  "  Collieries  have  their 
banks  provided  with  all  necessary  machinery  to  load  their  coal  under 
the  best  conditions  and  with  a  minimum  of  expense  and  waste.  In 
the  same  way  large  consumers  of  fuel  who  settled  alongside  of  canals 
and  navigable  streams,  in  order  to  obtain  their  supplies  cheaj^ly,  have 
not  been  slow  to  j^rovide  the  equipment  fitted  to  the  economical  recej)- 
tion  of  their  fuel. 

"  The  same  holds  good  with  other  branches  of  inland  trade,  build- 
ing materials,  grain  and  flour,  wines,  etc. ;  everywhere  large  producers 
and  large  consumers,  guided  by  their  interests,  have  set  up  the  jjrivate 
l^lant  suited  to  the  needs  of  their  industries. 

"  But  wherever  the  interests  of  the  jiublic  at  large  are  in  question, 
wherever  powerful  individualities  have  not  had  to  interfere  in  their 
own  behalf,  the  equijiment  is  either  lacking,  or  it  is  notoriously  insuffi- 
cient." 

In  summing  uj?  all  his  data  M.  Delaunay  lays  down  a  number  of 
propositions,  of  which  the  following  are  especially  germane  to  the  sub- 
ject of  this  paper.     They  are: 

"  The  radius  of  attraction  or  exj^ansion  of  inland  navigation  ports 
over  the  surrounding  country  is  exceedingly  limited.  This  situation, 
which  follows  from  the  nature  of  the  freights  which  are  the  main 
reliance  of  this  navigation,  has  not  changed  sensibly  by  reason  of  the 
insufficiency  of  the  technical  equipment  (machines  for  loading  and 
unloading)  of  the  public  ports,  of  their  commercial  equipment  (sheds, 
storehouses  and  warehouses),  and  of  the  almost  complete  absence  of 
connection  between  the  water-ways  and  railways. 

"  The  isolation  of  the  navigation  system  from  the  railway  system 
is  a  great  economic  blunder.  Large  industrial  establishments  have 
known,  in  their  j^rivate  interests,  how  to  set  an  intelligent  exam^jle 
of  the  simultaneous  use  of  both  means  of  transijortation;  but  again 
most  of  the  jDublic  j^orts  are  without  the  necessary  appliances. 

"  This  close  connection  of  the  rail  to  the  wharf  *  *  *  -^^-iH 
thus  make  the  ports  of  inland  navigation,  not  only  points  of  industrial 
consumption  or  storage  of  food  supj)lies,  but  true  centers  of  commer- 
cial transactions. 

"  This  commercial  extension  cannot  take  i^lace  without  giving  rise 
to  an  increase  of  trade  from  which  both  the  boating  interest  and  the 
railways  will  profit." 

M.  Delaunay's  final  conclusions  are: 

"  1st.  So  far  as  the  highway  jjroper  is  concerned,  the  completion  of 
the  uniform  gauge  of  the  water-ways  of  the  first  class  is  the  first 
necessity;  2d,  so  far  as  the  special  organization  of  the  ports  is  con- 
cerned, a  close  connection  of  the  water-ways  with  the  railways  is 
demanded." 
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It  may  not  be  without  profit  to  glance  at  affaii's  in  Germany,  and 
especially  in  Prussia,  where  enormous  sacrifices  have  been  made  for 
the  improvement  of  the  water-ways  since  1880. 

At  the  Fifth  International  Congi'ess  on  Inland  Navigation,  M. 
Pesclieck  jn-esented  an  interesting  i^aper  on  the  "Respective  Roles  of 
Water-Ways  and  Railways  in  the  Movement  of  Merchandise  in  the 
Basins  of  the  Elbe  and  the  Oder."  From  this  pajier  it  is  learned  that 
the  basins  of  these  streams  and  theii-  tributaries  cover  aboiit  three- 
fourths  of  the  German  Empire.  Within  theii-  limits  are  the  three 
largest  cities  of  Germany;  Berlin,  Hamburg  and  Breslau.  Dresden, 
the  capital  of  Saxony,  and  the  great  commercial  cities  of  Magdeburg 
and  Stettin,  are  also  included. 

After  giving  a  brief  summary  of  the  features  of  these  basins  from 
the  commercial  standpoint  we  learn  that — 

"  Prussia  has  undertaken  to  transform  her  water-ways  so  as  to  make 
it  possible  to  carry  cheaply  and  to  great  distances  the  goods  best  adapted 
to  this  form  of  transportation.  On  account  of  the  different  characters 
of  the  various  basins  it  was  impossible  to  lay  down  a  given  boat  as  a 
type.  Only  the  execution  of  such  a  plan  could  be  followed  as  would 
insure,  on  the  one  hand,  a  sure  and  quick  cii'culation,  and  allow,  on 
the  other,  not  only  the  use  of  the  present  vessels  and  increased  loads, 
but  also  the  employment  of  large  boats  on  deeper  water.  The  necessity 
of  using  steam  has  not  been  lost  to  sight,  that  is,  the  increase  in  the 
number  of  towboats  and  steam  carriers.  This  programme  means  an 
endeavor  to  have  steamboats  circulate  freely  on  the  canals,  involving 
in  the  beginning  heavy  costs  for  strengthening  the  banks.  To  obtain 
these  results  Prussia  has  spent  ^12  500  000  since  1880,"  an  average  of 
about  ^1  250  000  a  year. 

The  extension  of  the  water-ways  is  marked  by  the  following  con- 
siderations :  1st,  the  large  rivers  of  Northern  Germany  are  naturally 
good  highways,  and  this  leads  to  joining  their  basins  by  canals  ;  2d, 
interest  and  national  cultivation  demand  the  regulation  of  the  large 
Tivers  with  a  consequence  of  favoring  navigation  ;  3d,  the  imjirove- 
ment  of  navigation  leads  to  the  improvement  of  the  old  canals  and  the 
opening  of  new. 

The  greater  part  of  the  water-ways  are  now  in  such  condition  that 
shippers  and  consigners  of  goods  are  able,  as  they  could  not  formerly, 
to  agree  as  to  times  of  delivery.  Hence  more  valuable  freights  now  go 
by  water  than  those  formerly  intrusted  to  boats. 

A.  comparison  between  the  amounts  of  wood,  coal,  wheat,  rye,  flour 
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and  bran,  pig  iron  and  mannfactured  iron,  carried  by  rail  and  by  water, 
shows  that  of  the  total  number  of  tons  carried  there  went — 

Of  wood GG^o  Ijy  rail  and  84%  by  water.* 

"  coal 83  "  "  17 

"  wheat 58  "  "  42 

"  rye 32  "  "  68        ♦* 

"  flour  and  bran 62  "  "  38 

"  pig  iron 62  "  "  38 

"  manufactured  iron 95  "  "  5         '• 

These  figures  apply,  however,  only  to  the  six  towns  mentioned. 
For  them  the  freights  by  rail  are  75/^'  of  the  total  amount  carried, 
and  those  by  water  are  25  per  cent.  The  freights  of  the  entire  val- 
leys are  distributed  thus  :  89^^  by  rail  and  11%"  by  water. 

These  comparisons  show  the  large  j)art  played  by  the  water-ways 
in  the  exchange  of  goods,  in  spite  of  the  relatively  very  small  impor- 
tance of  theii-  branches  as  compared  with  those  of  the  railways.  There 
is  reason  to  hojie  that  this  part  will  become  greater  as  imperfec- 
tions are  made  gradually  to  disappear.  The  establishment  of  a  projjer 
equipment  for  loading  and  unloading  vessels  has  not  kept  pace  with 
the  development  of  navigation.  Hence,  out  of  the  300  days,  about,  in 
the  year,  during  which  navigation  lasts,  a  boat  is  in  motion  only  75 
days,  the  other  225  being  given  up  to  loading,  unloading  and  waiting. 
"*  In  Germany  the  State  owns  the  railways  as  well  as  the  water-ways. 
The  development  of  the  water-ways  was  scarcely  disturbed  when  the 
railway  system  was  extended.  Where  it  was  felt,  a  remedy  was  soon 
applied  by  pushing  more  energetically  the  development  of  the  water- 
ways. 

Under  the  peculiar  economic  conditions  it  is  found  that  a  canal 
scarcely  becomes  profitable  until  the  annual  amount  of  freight  carried 
reaches  1  000  000  tons,  and  that  water  rates  are  not  quite  so  low  as 
rail  rates.  Still,  there  are  some  well-informed  partisans  of  water-ways 
who  maintain  that  water-ways,  when  rationally  constructed  and 
equipped,  can  comi)ete  jaerfectly  well  with  railways. 

"If,  standing  only  on  the  calculation  of  net  rates  for  transporta- 
tion, it  were  desired  to  stop  a  future  development  of  water-ways  to  the 
profit  of  the  railways,  it  could  not  help  doing  harm  to  economic  con- 
siderations.    Every  transportation  route  has  a  right  to  the  protection 
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of  tlie  public  ;  because  civilization  is  propagated  by  facilitating  every 
kind  of  communication." 

M.  Pescheck  quotes  M.  Krantz,  a  government  engineer  and  a 
senator,  who  used  the  following  language  at  the  session  of  the  French 
Senate  of  June  12th,  1884: 

* '  "Why  can  canals  still  have  at  the  present  time  earnest  and 
convinced  partisans? — and  I  confess  to  being  one.  It  is  not  that 
any  one  can  look  upon  the  canal  as  being  so  complete  an  instru- 
ment as  the  railway,  or  nearly  so;  for  it  is  not.  *  *  *  ijj^q 
canal  brings  about  economy,  not  only  by  the  reductions  of  rates  which 
it  makes,  but  also  by  those  which  it  imposes.  It  is  the  check  on  the 
railway;  and  if,  recalling  my  profession  as  an  engineer,  I  could  use  a 
comparison,  I  should  say  that  it  is  a  brake — an  automatic  brake;  no 
one  is  needed  to  make  it  work;  it  acts  on  the  demand  of  surrounding 
forces;  that  is,  of  private  interests.  *  *  *  It  is  the  brake — 
the  necessary  and  legitimate  brake — on  the  railway,  which  preserves  the 
government  from  all  sorts  of  severe  measures  which  it  would  frequently 
adoj^t  and  which  would  be  rarely  successful." 

In  Prussia  no  attempt  is  made  to  bring  about  competition  between 
the  railways  and  water-ways,  as  that  is  spontaneous;  it  comes  of  itself. 

M.  Pescheck  concludes  as  follows:  , 

"First. — The  regulation  of  large  streams  by  means  of  dikes,  with 
the  object  of  insuring  the  free  flow  of  water  at  low  and  medium  stages 
in  an  invariable  minor  bed,  so  as  to  i^revent  marshes  forming  along  the 
shores,  favors  navigation  and  causes  the  improvement  of  canals,  with- 
out bringing  about  competition  with  the  railways. 

"Second. — Heavy  transportation  can  be  carried  on  by  rail  and  by 
water  equally  well;  and  the  more  the  water-ways  and  their  means  of 
transportation  are  improved,  the  more  they  will  be  sought  by  less 
cumbersome  freights. 

"  Third. — In  order  to  compete  with  the  railways,  the  water-ways 
require,  above  all,  a  more  complete  equijjment  for  loading  and  unload- 
ing goods. 

"Fourth. — The  parts  to  be  jjlayed  resj)ectively  by  the  railways  and 
water-ways  of  a  given  country  depend  especially  on  the  natural  condi- 
tions existing  for  navigation,  and  also  on  the  ijolitico-economical  con- 
siderations controlling  the  movement  of  freights. 

"  Fifth. — Water-ways  are  more  easy  and  effective  means  than  si)ecial 
railway  rates  for  enabling  the  entire  public  to  participate  in  the  cost 
of  transportation  on  a  large  scale,  the  cheapness  of  which  is  indis- 
pensable for  the  jjrosperity  of  industry  and  agriculture. 

"Sixth. — The  creation  of  artificial  water-ways  is  justified  economi- 
cally, as  a  general  rule,  even  when  the  cost  of  construction  and 
maintenance  can  only  be  made  up  by  the  saving  accruing  to  the  shipper 
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-with  respect  to  railway  rates;  and  there  is  no  reason  to  fear  that  .the 
railway  will  be  at  all  injured  by  the  creation  of  canals." 

The  papers  presented  to  the  Fifth  International  Congress  on  Inland 
1^'avigation  show  how  widely  the  subject  of  water  transportation  is 
engrossing  the  attention  of  engineers  and  political  economists. 
Naturally,  such  conventions  must  call  attention  to  their  work,  and  the 
opinions  which  they  utter  must  have  weight.  Are  these  conventions 
the  forerunners  of  public  opinion,  or  is  the  great  mass  of  the  jjeople 
gradually  becoming  aware  that  there  are  better  ways  of  checking  the 
exactions  of  railways  than  a  resort  to  tariff  commissions?  The  testi- 
mony of  Mr.  Albert  Fink,  for  a  long  time  the  head  of  the  railway 
pool  of  the  United  States,  is  valuable  in  this  resjiect.  In  speaking 
of  the  Erie  Canal,  in  a  letter  to  Senator  Windom  in  1878,  he  says : 

"You  are  aware,  sir,  that  when  the  rates  are  reduced  between 
Chicago  and  New  York,  as  they  are  always  reduced  on  account  of  the 
Oldening  of  the  canal,  that  this  reduction  apjolies,  not  only  from  Chicago, 
but  from  all  the  interior  cities  (St.  Louis,  Indianapolis,  Cincinnati)  to 
New  York.  If  that  were  not  the  rule  the  result  would  be  that  the 
Toads  running  from  these  points  to  Chicago  would  carry  the  freight  to 
Chicago  from  which  low-water  or  rail  rates  would  take  it  to  New  York 
and  thus  leave  the  through  lines  from  the  inland  cities  without 
traffic.  Hence,  Philadeli)hia,  Baltimore  and  Boston,  though  they  have 
no  direct  water  competition,  get  the  advantage  of  reduced  rates.  The 
Teduction  of  rates  from  Chicago  and  St.  Louis  to  New  York,  Phila- 
delphia, Baltimore,  etc.,  reduces  rates  on  shii^ments  from  those  western 
points  via  New  York  and  the  ocean  to  Southern  Atlantic  ports,  Norfolk, 
Wilmington,  etc.,  and  from  there  into  the  Interior,  Augusta,  Macon,  etc. 
The  direct  railroads  must  reduce  their  rates  correspondingly,  and  thus 
the  Erie  Canal  determines  rates  all  over  the  country,  including  the 
South,  until  it  reaches  a  line  where  low  ocean  rates  from  New  York  to 
the  Gulf  cities  exercise  their  influence  upon  the  rates  to  adjacent 
interior  jjoints. " 

Here  is  M.  Krantz's  expression,  that  the  canal  is  a  brake  on  a  rail- 
way, put  in  another  shape.  No  one  understands  the  transportation 
problem  better  than  Mr.  Fink.  For  this  reason  liis  words  have  a 
weight  greater  than  those  of  any  other  man. 

That  the  people  have  long  had  the  idea  that  freight  rates  by  rail 
are  exorbitant  is  shown  by  all  sorts  of  acts  of  Congress  and  acts  of 
State  legislatures  intended  to  put  a  check  on  the  railways — railway 
commissions,  commerce,  and  inter-state  commerce  commissions  have 
'been  created  with  the  exj^ress  intention  of  regulating  railways.     In 
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otlier  words  there  has  been  an  endeavor  to  create  economic  conditions 
by  law,  by  mere  words.  It  is  just  such  a  corrective  as  might  be 
expected  from  bodies  composed  mainly  of  lawyers  and  not  of  busi- 
ness men.  Such  measures  are  the  severe  ones  of  which  M.  Krantz 
speaks,  and  which,  he  says,  are  rarely  successful. 

The  inability  of  such  measures  to  remove  the  abuses  which  they 
are  intended  to  correct  is  causing  an  investigation  by  those  interested 
into  the  means  whereby  a  true  corrective  may  be  found.  The  people 
are  gradually  awakening  to  the  fact  that  the  true  solution  of  the 
problem  is  by  the  improvement  of  the  water-ways  now  existing  and  by 
the  establishment  of  new  ones.  No  argument  can  be  made  in  the  face 
of  such  a  competition.  No  unjust  and  discriminating  rates  can  be 
maintained  by  railways  when  the  latter  know  that  a  powerful  com- 
petitor stands  ready  to  take  advantage  of  any  shortcomings.  No  long 
suits  at  law,  with  all  the  advantages  on  the  side  of  the  railways  which 
a  long  purse,  well-ijaid,  and  frequently  unscrupulous,  attorneys  give, 
have  to  be  borne  by  the  unjustly  treated  shipper  before  he  can  obtain 
justice.  With  the  water-way  the  remedy  is  at  hand;  it  can  be  aj^plied 
promptly  and  effect  ively.  It  is  a  remedy  without  appeal.  This  the 
railways  know  well. 

Now  what  must  be  done  to  bring  about  the  remedy  ?  As  all  public 
improvements  in  our  country  must  originate  in  the  legislative  bodies, 
and  as  these  bodies  possess,  as  a  rule,  no  more  information  on  any 
given  subject  than  the  masses  of  the  j)eople,  it  is  necessary  to  begin  by 
educating  the  people  to  the  true  functions  and  capacities  of  water- 
ways.  In  other  words,  public  sentiment  must  be  aroused  on  the 
subject,  because  to  this  sentiment  the  legislative  bodies  are  generally 
most  sensitive.  Means  must  be  taken  to  keep  the  subject  of  water- 
ways before  the  people.  The  construction  and  maintenance  of  such 
ways  being  under  the  control  of  the  Government,  there  are  no  stocks 
or  bonds  to  be  put  upon  the  market,  and  these  ways  are  not  listed  at 
the  exchange.  They  lie,  therefore,  in  the  background,  and  remain 
there  unperceived,  unless  they  be  broiight  by  force  to  the  front. 

The  improvement  of  the  natural  water-ways  presents  special  prob- 
lems. In  some  the  supply  of  water  all  the  year  round  is  sufdcient  to 
keep  up  a  good  navigation,  jirovided  that  it  be  practicable  to  confine 
the  stream  to  an  artificial  minor  bed.  In  others  a  slack-water  system, 
by  means  of  locks  and  movable  dams,  will  be  required.     In  both  cases 
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there  must  be  a  proper  arrangement  of  landings,  space  in  wliich  to 
store  freight  before  loading  and  after  unloading,  and  special  appliances 
for  handling  freight  promptly. 

The  improvement  of  the  artificial  water-ways  requires  consideration 
according  to  the  position  which  the  canal  holds  in  a  chain  of  transpor- 
tation. Where  it  is  a  highway  of  the  first  order  it  must  be  adapted  to 
Tjoats  of  large  size.  For  a  canal  of  such  importance  as  the  Erie,  the 
Taoats  should  have  a  freight  displacement  of  not  less  than  1  000  tons. 
The  locks  should  be  proportioned  to  the  cai^acity  of  the  trunk  of  the 
canal.  It  is  stated  that  the  present  trunk  of  the  Erie  Canal  is  suffi- 
cient for  boats  of  650  tons,  but  the  locks  are  only  large  enough  for 
boats  of  250  tons. 

The  water  supply  of  the  canal  needs  careful  attention.  A  large 
gain  in  this  could  be  made  by  withdra^-ing  all  ijrivileges  of  taking 
water  from  the  canal  for  any  i^urpose  whatever. 

The  banks  of  the  canal  must  be  jjrotected  to  such  an  extent  that 
boats  can  pass  at  a  speed  of  at  least  10  miles  an  hour. 

At  every  town  there  should  be  jDroper  places  for  landing  cargoes. 
On  these  landings  should  be  the  necessary  machinery  for  handling 
freight  and  the  buildings  in  which  to  store  it.  In  this  connection 
there  is  a  subject  which  must  be  settled  before  long,  and  that  is  the 
way  in  which  railways  have  been  allowed  to  cut  off  many  j^orts  from 
the  water.  "Witness  most  of  the  ports  of  the  Great  Lakes  !  The  rail- 
ways, through  the  connivance  of  the  authorities  of  several  cities,  have 
built  theii-  bulkheads  and  laid  their  tracks  right  on  the  edge  of  the 
water,  and  shut  ofi'the  city  entirely  from  all  communication  with  its 
own  water  front.  Under  these  circumstances  there  is  no  advantage 
irom  navigation  to  be  gained  by  the  city,  because  everything  which 
reaches  it  is  filtered  through  the  railways  which  surround  it,  and  it 
obtains  by  sufferance  that  which  belongs  to  it  as  a  right. 

The  motive  jjower  on  the  canal  must  be  adapted  to  the  new  condi- 
tions. The  days  of  the  horse  are  numbered,  and  steam,  for  the  jjres- 
ent  at  least,  must  take  his  place.  This  change  need  not  be  prejudicial 
to  the  canal,  because  the  shape  of  the  boat  may  be  so  changed  as  to 
cause  little  more  wash  with  the  greater  speed  than  there  is  at  present 
with  the  one  now  in  vogue. 

System  must  be  introduced  in  the  methods  of  doing  business. 
Shippers  must  be  taught  that  the  canal  exists.      Freights  must  be 
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solicitoil  and  rates  made  tlu-oiigh  to  various  jioiuts  hy  connection  with 
railways  or  steamers  from  tlie  termini. 

In  a  word,  tlie  canals  must  be  brought  up  to  date.  They  must 
have  the  benefit  of  the  knowledge  and  skill  of  which  there  is  such  an 
abundance  at  the  present  day.  If,  when  the  canals  become  thoroughly 
modernized,  both  in  appliances  and  in  methods,  a  comjjarison  be 
made  between  their  capacity  and  that  of  the  railways  for  doing 
business,  we  may  rest  assured  that  the  last  chapter  on  the  subject  of 
inland  navigation  will  remain  long  unwritten. 
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HISTORY   OF  THE   COxNVERSIOX   OF  THE  RIVER 
CLYDE  INTO  A  NAVIGABLE  WATER-WAY, 
AND  OF  THE  PROGRESS  OF  GLASGOW 
HARBOUR  FROM  ITS  COMMENCE- 
MENT TO  THE  PRESENT  DAY. 


By  James  Deas,  C.  E.,  Engineer  Clyde  Navigation. 


Prepared  for  the  International  Engineering  Congress  of  the 
Columbian  Exposition,  1893. 


The  ■writer  has  much  pleasure  in  complying  with  the  invitation 
of  the  American  Society  of  Civil  Engineers,  and  has  prepared  this 
paper  on  the  improvement  of  the  River  Clyde  for  navigable  purposes, 
and  the  progress  of  the  Harbour  of  Glasgow  from  its  inception  until  the 
present  day.  In  1715  the  first  act  was  passed  for  quayage  at  Glasgow, 
the  money  to  pay  for  which  was  obtained  out  of  a  duty  of  two  pennies, 
Scots,  or  one-sixth  of  a  penny  sterling,  on  every  pint  of  ale  and  beer  that 
was  vended  or  sold  within  the  City  of  Glasgow,  and  privileges  thereof. 

Entered  according  to  Act  of  Congress  in  the  year  1893,  by  the  American  Society  of  Civil 
Engineers,  in  the  Office  of  the  Librarian  of  Congress,  at  Washington. 

XoTE. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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Probably  for  no  river  in  Great  Britain  has  so  mucli  been  done  "  by 
art  and  man's  device  "  as  for  the  River  Clyde  above  Port  Glasgow.  In 
fact,  from  a  mile  below  Bowling  upwards  to  Glasgow,  a  length  of  12 
miles,  th3  Clyde  of  the  present  day  is  nearly  as  much  an  artificial  navi- 
gation as  the  Suez  Canal. 

It  is  but  natural  that  American  engineers  should  desire  to  have 
some  information  regarding  the  improvement  of  the  Clyde,  which, 
though  not  the  birthplace  of  steam  jn-opulsion  in  Europe — Dals- 
winton  Loch,  Dumfriesshire,  having  that  never-to-be-forgotten  honor 
104  years  ago — received  into  its  waters  at  Port  Glasgow  in  June,  1812, 
the  Comet,  42  ft.  long  by  11^  ft.  beam,  4  ft.  draft,  and  3  H.  P.,  the 
precursor  of  the  mighty  fleet  of  steamships  of  the  present  day;  and  has 
played  so  important  a  part  in  the  development  of  the  mercantile  and 
defensive  steam  navies  of  the  world,  especially  in  the  transatlantic 
trade,  which  has  brought  New  York  and  Great  Britain  within  six  days 
of  each  other,  and  has  culminated  for  the  present  in  the  launching 
into  the  Clyde,  within  a  half  mile  of  the  western  boundary  of  the  City 
of  Glasgow,  on  September  8th  and  February  2d  last,  respectively,  from 
the  Fairfield  Shipbuilding  and  Engineering  Company's  yard,  of  the 
steamships  Campania  and  Lucania,  each  620  ft.  long  by  65  ft.  3  ins. 
broad  by  43  ft.  deep. 

These  improvements  have  raised  Glasgow  within  the  short  period  of 
90  years  from  a  second-rate  inland  provincial  town,  with  a  population 
of  77  000,  to  be  the  second  city  of  the  Empire,  with  a  population  of 
658  073,  and  the  chief  seaport  of  the  west  of  Scotland ;  increased 
the  value  of  the  lands  on  the  river's  sides,  from  Glasgow  seaward, 
a  hundred-fold  ;  created  the  burghs  of  Govan  and  Partick ;  given 
wealth  to  thousands,  and  the  means  of  life  to  hundreds  of  thousands 
of  the  inhabitants  of  the  northern  portion  of  Great  Britain,  and  em- 
phasized in  a  marked  degree  the  local  epigram,  "  Glasgow  made  the 
Clyde,  and  the  Clyde  made  Glasgow." 

"  The  Tweed,  the  Annan,  and  the  Clyde 
All  rise  from  one  hillside." 

But  how  different  their  careers  and  destinies  !  The  Tweed,  im- 
mortalized by  Sir  Walter  Scott,  falling  into  the  North  Sea  at  Berwick, 
and  famous  chiefly  for  its  king  of  fish,  the  salmon  ;  the  Annan,  after  a 
quiet  and  pastoral  course  of  only  35  miles,  reaching  its  bourne  in  the 
Sol  way  Firth  at  Annan  ;  while  the  Clyde,  after  a  course  of  98  miles  and 
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draining  an  area  of  945  square  miles,  reaches  deep  water  at  Greenock, 
and  thence  to  the  Atlantic  Ocean  passes  in  its  course  over  the  famed 
Falls  near  Lanark,  through  the  celebrated  orchards  of  Clydesdale 
between  Lanark  and  Hamilton  and  thence  to  Glasgow  through  the 
wealthy  mineral  district  which  it  drains;  is  famed  the  wide  world 
over  as  the  creator,  by  its  improvement,  of  the  City  of  Glasgow,  the 
home  of  almost  every  industry  under  the  sun,  and  is  the  greatest  ship- 
building river  in  the  universe,  furnishing  to  all  nations  the  means  of 
communication  with  each  other  by  vessels  built  on  its  banks. 

Numerous  waters,  rivulets,  burns  and  rills  join  in  the  formation  of 
the  upper  Clyde  ;  the  highest  of  these,  which  take  their  rise  in  the 
mountain  ranges  on  the  confines  of  Lanarkshire  and  Dumfriesshire, 
are  the  Daer  Water,  the  Powtrail  Water,  and  the  Clyde  Burn ;  the  last 
1  028  ft.  above  ordnance  datum,  where  it  crosses  under  the  Caledonian 
Railway  at  the  Summit  Station,  in  a  conduit  12  ft.  6  ins.  wide  by  2  ft. 
3  ins.  high. 

The  Daer  and  the  Powtrail  meet  before  their  confluence  with  the 
Clyde  Burn  ;  and  although  the  Clyde  Burn  is  considerably  smaller 
than  either  of  the  other  tw^o,  the  stream  from  this  point  takes  the  name 
of  the  River  Clyde. 

The  chief  tributaries  of  the  lower  Clyde  are  only  three  in  number. 

First — The  Kelvin,  noted  in  song,  which  rises  in  the  Campsie  Hills, 
due  north  of  Glasgow,  forms  in  its  lowest  reach  the  western  boundary 
of  the  City  of  Glasgow,  and,  after  a  course  of  only  21  miles,  discharges 
into  the  Clyde  at  Grovan  Ferry,  the  western  limit  of  the  harbour. 

Second. — The  Cart,  which  joins  the  Clyde  about  \  mile  below 
Renfrew,  and  is  formed  by  the  junction,  about  I  mile  from  the 
Clyde,  of  the  White  Cart  and  the  Black  Cart;  the  former,  about  19 
miles  in  length  rising  in  the  Eaglesham  District  of  Renfrewshire, 
about  10  miles  due  south  of  Glasgow,  and  on  which  the  prosperous 
town  of  Paisley  is  built;  and  the  latter,  about  9  miles  in  length,  rising 
in  the  neighbourhood  of  the  tow  n  of  Lochwinnoch. 

Third. — The  Leven,  well  known  in  cotton  manufacturing  circles  for 
its  Turkey-Red  Dye  Works,  which  discharges  the  surplus  waters  of 
Loch  Lomond — the  Queen  of  Scottish  lakes — ruddy  coloured,  into  the 
river  immediately  west  of  Dumbarton  Rock  after  a  course  of  7^  miles, 
and  on  which  the  town  of  Dumbarton  stands,  erstwhile  famed  for  its 
glass  works,  but  in  the  present  day  better  and  more  widely  known  for 
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the  extensive  ship-building  and  marine  engineering  works  of  Messrs. 
William  Denny  A'  Brothers,  and  Messrs.  A.  McMillan  &  Sons. 

The  Clyde  iu  its  course  to  the  sea,  unfortunately  for  its  character 
for  salubrity,  receives  both  the  domestic  and  manufacturing  sewage  of 
upwards  of  1  000  000  inhabitants  and  the  41  957  000  galls,  of  water 
which  Glasgow  daily  uses,  37  193  000  galls,  of  which  are  from  Loch 
Katrine,  add  to  its  volume. 

The  Forth  and  Clyde  Canal,  3.5  miles  long,  opened  in  1790,  whose 
locks  admit  of  the  jjassage  of  vessels  68  ft.  keel,  19  ft.  beam,  and  8^  ft. 
draft  of  water,  joins  the  Clyde  at  Bowling;  and  a  branch  from  the 
canal  to  the  Clyde  opposite  the  mouth  of  the  Cart  gives  direct  com- 
munication between  the  canal  and  Paisley. 

The  writer  will,  in  dealing  further  with  the  subject,  put  his 
remarks  under  the  following  heads  : 

1.  History  of  the  Improvement  of  the  River. 

2.  Progress  of  the  Harbour. 

3.  Rise   and   Progress  of  Shxp-butlding  on  the   River   and   its 
Tributaries. 

4.  Short  Description  op  Other  Harbours  on  the  River. 

1.  History  of  the  Improvement  of  the  River. 

In  prehistoric  times  ancient  Britons  must  have  paddled  their  own 
canoes  in  its  shallow  stream,  as  dugouts  have  been  unearthed,  not  onlv 
on  the  banks  of  the  river,  at  Glasgow  and  at  Bowling,  but  even  at  the 
Cross  of  Glasgow,  fully  500  yds.  from  the  present  margin  of  the  river; 
and  Roman  legions  must  have  encamped  on  its  banks  while  they  were 
engaged  in  constructing,  under  Agricola,  A.  D.  80-81,  a  chain  of  forts 
between  the  Clyde  near  Bowling  and  the  Forth  near  Bo'ness;  and 
under  Antoninus  Pius,  A.  D.  140,  in  connecting  these  forts  by  ram- 
parts of  earth  and  stone,  with  a  deep  and  wide  ditch  outside  and  a 
paved  military  road  along  the  inner  or  south  side,  to  check  the  in- 
roads of  the  Caledonian  barbarians. 

Upwards  of  300  years  ago— in  the  summer  of  1566 — the  Magistrates 
and  Town  Council  of  Glasgow  made  the  first  attempt  on  record  to  im- 
prove the  river.  Detachments  of  the  inhabitants  of  the  City  of  Glas- 
gow, joined  by  contingents  from  Renfrew  and  Dumbarton,  endeavored 
to  open  up  what  the  chronicler  of  that  day  called  "a  formidable 
sandbank  "  at  Dumbuck,  about  2  miles  above  Dumbarton  and  about 
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12  miles  below  Glasgow,  at  which  they  laboured  for  several  weeks,  re- 
siding during  the  time  in  timber  huts  built  near  the  scene  of  their 
operations.  This  attempt  must  have  proved  of  little  value,  as  Thomas 
Tucker,  one  of  Cromwell's  commissioners,  describing  Glasgow  and  the 
river  in  a  report,  dated  November  20th,  1656,  90  years  thereafter,  says: 

"  The  situation  of  this  towne  in  a  plentiful  land,  and  the  mercantile 
genius  of  the  people,  are  strong  signs  of  her  increase  and  growth 
were  she  not  chequed  and  kept  under  by  the  shallowness  of  her  river, 
every  day  increasing  and  filling  up,  soe  that  noe  vessels  of  any  burden 
can  come  nearer  up  than  within  fourteene  miles,  where  they  must  unlade 
and  send  up  theyr  timber  and  Norway  Trade  in  rafts  or  floates,  and  all 
other  commodityes  by  three  or  foure  tonnes  at  a  time  in  small  cobles 
or  boates,  in  three,  four,  five,  and  none  above  six  tonnes  a  boat." 

Nor  can  much  benefit  have  resulted  from  the  carrying  out  of  the 
following  IMinute  of  Council,  dated  May  8th,  1740  : 

"  The  Council  agree  that  a  try  all  be  made  this  season  of  deepening 
the  river  below  the  Broomielaw,  and  remit  to  the  Magistrates  to  cause 
do  the  same,  and  go  the  length  of  £100  sterling  of  charges  thereupon, 
and  to  cause  build  a  flatt-bottomed  boat  to  carry  ofi"  the  sand  and 
chingle  from  the  banks." 

Up  to  1768  the  river  between  Glasgow  and  the  sea  remained  i^rac- 
tically  in  a  state  of  nature,  choked  up  with  sandbanks,  impeded  by 
numerous  fords,  and  only  suitable  for  herring  boats  and  such  like  craft. 
Thus  the  river  remained,  expanding  in  useless  width  as  it  decreased 
in  dejith,  until  in  that  year,  John  Golborne,  civil  engineer,  of  Chester, 
appeared  on  the  scene,  and  it  is  to  him  that  Glasgow  is  indebted  for 
the  first  really  successful  step  in  the  improvement  of  its  navigation. 
By  his  system  of  contracting  the  river  by  the  construction  of  rubble 
jetties  and  the  removal  of  sand  and  gravel  shoals  by  ploughing, 
harrowing  and  dredging,  the  first  marked  improvement  of  the  naviga- 
tion was  effected. 

In  1773  he  took  a  contract  to  make  Dumbuck  Ford  6  ft.  deep  and 
300  ft.  wide  at  low  water  for  £2  300  ;  and  in  September,  1775,  the 
Town  Council,  on  the  recommendation  of  the  merchants,  gave  him 
£1  500  for  deepening  the  river  10  ins.  more  than  he  was  bound  to  do 
by  his  contract,  presented  him  with  a  silver  cup,  and  gave  his  son 
j£100.     Generous  Town  Council  !     Happy  engineer  ! 

By  an  Act  of  Parliament  passed  in  1809,  the  Lord  Provost,  Magis- 
trates, and  Council  of  Glasgow,  under  whose  control  the  improvement 
of  the  river  had  up  till  then  been  carried  on,  were  constituted  Trus- 


DEAS  OX  THE  RIVER  CLYDE  AND  GLASGOW  HARBOUR.     133 

tees  of  the  Clyde  Navigation,  and  were  given  power  to  deepen  the  river 
until  such  time  as  it  was  at  least  9  ft.  deep  at  high  Avater,  neap 
tides,  between  Glasgow  and  the  Castle  of  Dumbarton  ;  and,  by  an 
Act  passed  in  1825,  they  were  authorized  to  appoint,  as  trustees, 
five  other  persons  interested  in  the  trade  and  navigation  of  the  River 
and  Firth  of  Clyde,  and  to  deepen  the  river  from  Glasgow  to  Port 
Glasgow  till  such  time  as  it  was  at  least  13  ft.  in  depth. 

The  constitution  of  the  Trust  continued  thus  until  1858,  when  it 
was  materially  altered  by  an  Act  of  Parliament  passed  in  that  year 
and  still  in  force,  the  number  of  the  Trustees  being  fixed  at  25,  one 
being  the  Lord  Provost,  nine  Town  Councilors,  and  the  remaining 
15  representatives  of  the  shipj^ing,  mercantile  and  trading  inter- 
ests of  Glasgow,  of  whom  two  are  chosen  by  the  Chamber  of  Com- 
merce of  Glasgow,  two  by  the  matriculated  members  of  the  Trades 
House  of  Glasgow,  and  nine  by  ship-owners  and  rate-payers.  The 
qualifications  of  the  Trustees  to  be  elected  by  the  ship-owners  and  rate- 
payers is  ownership  to  the  extent  of  at  least  250  tons  in  any  vessel  or 
vessels  registered  at  the  Port  of  Glasgow,  or  payment  of  rates  to  the 
extent  of  £25  or  upwards  per  annum  ;  and  of  electors,  ownership  to 
the  extent  of  at  least  100  tons,  or  payment  of  £10  or  ujiwards  of  rates 
per  annum. 

From  1781  until  1836,  the  works  carried  on  for  the  further  improve- 
ment of  the  river  under  the  direction  consecutively  of  Golbome, 
Rennie  and  Telford,  consisted  chiefly  in  the  shortening  of  some,  and 
the  lengthening  of  others,  of  Golborne's  jetties,  the  construction  of 
additional  jetties,  the  connecting  of  the  outer  ends  of  these  jetties  by 
half-tide  training  walls  on  both  sides  of  the  river  so  as  to  confine  the 
water  and  increase  the  ebb  scour,  and  the  removal  of  hard  shoals  by 
dredging. 

It  was  not  till  1836  that  the  river  from  Glasgow  to  Port  Glasgow 
was  treated  as  a  whole,  and  a  true  appreciation  she-wTi  of  its  future  by 
the  Clyde  Trustees'  then  engineer,  Logan,  in  the  laying  down  of  river 
lines,  which,  with  some  slight  modifications  and  expansions,  have,  up 
till  now,  formed  the  limits  of  the  river's  improvements. 

Parliamentary  plans  on  these  lines,  approved  of  by  James  Walker, 
Consulting  Engineer  to  the  Trustees,  were  submitted  to  and  sanctioned 
by  Parliament  in  1840  ;  but  so  inadequate  was  the  appreciation  of  the 
depth  required,  that  20  ft.  at  high  water,  neap  tides,  was  recommended 
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by  Logan  as  the  extreme  depth  of  the  river  and  harbour,  and  a  clause 
in  the  Act  empowered  the  deepening  to  proceed  until  every  part 
thereof  shall  have  attained  at  least  a  depth  of  17  ft.  at  high  water, 
neap  tides. 

The  depth  in  the  Harbour  of  Glasgow,  and  in  the  river  at  the  present 
time,  is  from  27  to  29  ft.  at  high  water,  neaps  ;  high  water,  springs, 
being  about  2  ft.  higher.  The  average  tidal  range  of  spring  tides  at 
Glasgow  is  11  ft.  2  ins.,  and  at  Port  Glasgow  10  ft.,  and  of  neaps  at 
Glasgow  9  ft.  2  ins.,  and  at  Port  Glasgow  8  ft.  3  ins. 

While  jetties  and  training  walls,  or  parallel  dikes,  performed  a  use- 
ful part  in  the  early  improvement  of  the  river,  it  is  to  persistent 
dredging  that  the  enormous  increase  in  the  magnitude  of  the  river 
since  1840  is  due. 

The  early  dredging  was  j^erformed  by  large  rakes,  or  jiorcupine 
ploughs  as  they  were  called,  because  they  were  pro^dded  with  strong 
iron  teeth,  wrought  by  hand  capstans,  which  drew  the  material  from 
the  bed  of  the  river  on  to  the  banks. 

Hand-wrought,  and  subsequently  horse-wrought,  dredgers,  with 
small  buckets  on  a  ladder,  succeeded  the  plough,  and  in  1824  the  first 
steam  dredger  was  started  on  the  river.  It  dredged  only  to  10  ft.  6 
ins.  Now,  several  of  the  dredgers  employed  can  work  in  35  ft.  depth  of 
■water  ;  and  there  has  been  added  to  the  fleet  within  the  last  few 
months  the  most  powerful  dredger  afloat,  which  can  lift  600  tons  of 
sand  from  a  depth  of  40  ft.  in  one  hour  by  a  chain  of  buckets  on  a  steel 
ladder,  each  bucket  containing  22  cu.  ft. 

It  is  undoubtedly  to  the  application  of  steam  power  to  dredgers, 
and  the  subsequent  adoption  of  steam  hopi^er  barges — a  French  inven- 
tion— for  carrying  the  dredged  material  to  the  sea,  that  the  rapid 
enlargement,  not  only  of  the  Clyde  and  the  Harbour  of  Glasgow,  but  of 
the  Tyne,  the  Tees,  and  several  other  similar  rivers,  m  recent  years 
is  due.  But  for  the  introduction  of  the  latter,  it  would  have  been 
physically,  financially  and  otherwise  impossible  to  have  disposed, 
within  so  limited  a  time,  of  the  enormous  quantities  of  material  which 
have  been  dredged  from  these  various  rivers  and  harbours. 

Up  to  1862  all  the  material  dredged  from  the  Kiver  Clyde  and 
Harbour  of  Glasgow  was  loaded  on  punts  holding  8  cu.  yds. ,  and  de- 
posited on  the  alveus,  or  foreshores,  or  the  low-lying  land  adjoining 
the  nver.     Many  acres  were  thus  reclaimed,  to  the  aggrandisement  of 
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the  riparian  proprietors,  to  whom  the  Trustees  were  required  to  hand 
over  the  ground  free  of  cost. 

The  adoption  and  speedy  acquisition  by  the  Trustees  of  steam  hop. 
per  barges,  hokling  from  240  to  320  cu.  yds.  each,  removed  all  these 
obstacles  and  enabled  the  deepening,  widening,  and  straightening  of 
the  river  and  harbour  to  be  proceeded  with  more  rapidly,  without  ham- 
pering the  Trust's  finances,  or  seriously  obstructing  the  navigation  with 
steam-tugs  and  trains  of  punts.  The  result  has  been  that,  while  in 
1861  the  total  quantity  dredged  and  deposited  on  land  was  593  176  cu. 
yds.,  the  total  quantity  dredged  in  1892  was  1  598  984  cu.  yds.,  only 
65  752  cu.  yds.  of  which  were  deposited  on  land.  The  total  quantity 
dredged  during  the  last  48  years  amounts  to  39  511  418  cu.  yds.  To 
enable  the  material  dredged  in  the  deepening  of  the  river  to  be  more 
economically  disposed  of,  two  twin-screw  barges,  each  of  1  000  tons 
hopper  capacity,  were  added  simultaneously  with  the  new  dredger. 

The  best  thanks  of  river  and  harbour  authorities,  such  as  the  Clyde 
Trust,  of  River  and  Harbour  Engineers,  and  of  the  community  at  large, 
are  justly  due  to  those  marine  engineers  and  ship-builders  who  have 
made  dredging  plant  a  specialty,  among  whom  the  firms  of  Messrs. 
"William  Simons  &  Co.  and  Lobnitz  &  Co.,  Renfrew,  and  Fleming  & 
Terguson,  Paisley,  occupy  deservedly  prominent  positions. 

In  1755  the  Clyde  at  Glasgow  was  only  15  ins.  deep  at  low  water, 
and  3  ft.  8  ins.  at  high  water,  while  the  dejjth  at  Marlinford,  3  miles 
below  the  harbour,  was  18  ins.  and  at  Erskme,  or  Kilpatrick  Sands, 
about  8  miles  below  and  at  Dumbuck  Ford  10  miles  below,  only 
2  ft.  at  low  water. 

In  1781  the  depth  at  Dumbuck  Ford  was  14  ft.  at  low  water  ;  it  is 
now  20  feet. 

In  1806  Telford  reports  that  on  February  14th  of  that  year  the  Har- 
inoyiy,  of  Liverpool,  came  up  with  the  ordinary  spring  tide,  dra-vs-ing 
8  ft.  6  ins  of  water;  but  up  to  1812  the  river,  from  the  harbour  down- 
wards to  Bowling,  was  so  shallow  that  it  was  necessary  for  the  Comet 
to  leave  Glasgow  and  Greenock  respectively  at  or  near  high  water,  to 
prevent  grounding  in  the  river. 

An  old  gentleman,  who  had  been  connected  with  the  Clyde  navi- 
gation for  upwards  of  50  years,  informed  the  author  a  few  years  ago  that 
he  made  a  voyage  in  the  Comet  in  1812,  leaving  Greenock  at  10  a.  m.  for 
Glasgow.     It  was  2  p.  m.  before  they  got  to  Bowling,  lOi  miles  above 
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Greenock,  in  consequence  of  a  rijjple  of  a  head  ■wind,  and  from  there- 
all  the  passengers  had  to  walk  to  Glasgow  owing  to  the  lack  of  water^ 
the  tide  having  ebbed.  As  late  as  1815,  a  traveler  by  that  steamer  records 
the  fact  that  he  left  Glasgow  in  the  morning  and  arrived  at  Greenock  after 
a  seven-hours'  passage,  three  hours  of  which  were  spent  lying  on  a  sand- 
bank at  Erskine.  Lighters  not  drawing  more  than  4^  ft.  have  been 
known,  owing  to  neap  tides  and  consequent  groundings,  to  take  six 
weeks  to  make  the  voyage  from  Greenock  to  Glasgow  and  back;  and 
while  all  but  two  of  the  first  20  steamers  built  on  the  Clyde  had  their 
engines  made  by  Glasgow  engineers — the  engines  of  the  excepted  two 
being  made  by  Boulton,  Watt  &  Co.,  Soho — their  hulls  were  built  at 
Dumbarton,  Port  Glasgow  and  Greenock. 

Flyboats  for  passengers,  with  sails  and  oars,  were  used  before  the 
introduction  of  steamboats,  a  whole  day  being  spent  frequently  in  the 
passage  between  Glasgow  and  Greenock.  Steam-tugs  for  towing  the 
Lighters  followed  soon  after  the  introduction  of  passenger  steamers, 
and  in  recent  years  steam  has  been  extensively  ai^plied  to  the  lighters 
themselves. 

Before  the  year  1818  none  of  the  vessels  in  the  foreign  trade  came 
further  uj)  the  river  than  Greenock  or  Port  Glasgow.  Their  cargoes 
were  there  discharged  into  lighters,  which  carried  them  to  Glasgow, 
and  at  that  date  the  largest  ship  belonging  to  either  Port  Glasgow  or 
Greenock  did  not  exceed  400  tons.  In  1821,  vessels  drawing  13^  ft.;. 
in  1830,  drawing  14  ft. ;  in  1840,  17  ft. ;  in  1850,  19  ft. ;  in  1870,  21  ft. ;  in 
1880,  23  ft. ;  and  in  1892,  26  ft.  5  ins.,  came  up  the  river;  while  steamers 
with  a  draft  of  from  23  to  24  J  ft.  now  jjass  up  and  down  the  river 
almost  daily,  leaving  Glasgow  and  Greenock  respectively  about  an  hour 
or  so  before  high  water,  and  passing  over  the  navigation  between 
these  points  in  two  hours. 

The  river,  cross-channel  and  other  steamers,  of  16-ft.  draft  and 
under,  leave  Glasgow  and  Greenock  respectively  at  any  state  of  the 
tide.  The  towing  of  sailing  vessels  between  Glasgow  and  Greenock  by 
steam-tugs  is  now  nearly  universal.  Small  sailing  craft  are  formed 
into  trains,  and  each  train  is  towed  by  one  tug.  Deep-drafted  sailing 
vessels  and  the  large  transatlantic  and  other  foreign-going  steamers 
have  a  tug  each  to  take  them  round  the  quick  bends,  and  the  largest 
class  have  generaUy  a  tug  ahead  and  a  tug  astern. 

The  bed  of  the  river  from  Glasgow  to  Port  Glasgow  is  now  virtually 
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level  throughout,  and  7  J  ft.  of  the  9 J  ft.  increasetl  range  of  tide  in 
Glasgow  Harbour,  and  the  whole  present  depth  of  from  IG  to  20  ft. ,  at 
low  water,  spring  tides — together  23 i  to  27  i  ft. — has  been  obtained 
by  dredging  out  the  bottom  of  the  river. 

As  may  be  readily  supposed,  groundings  in  the  river  were  of  fre- 
quent occurrence  in  the  earlier  days  of  the  river's  impi'ovement,  ship- 
owners being  prone  to  load  their  vessels  to  the  utmost  capacity  of  the 
deepened  river,  making  too  little  allowance  for  tides  nipped  by  frost 
or  east  winds.  But  at  length  the  deepening  has  got  the  better  of  the 
deep  loading,  so  that,  while  in  1871,  59  vessels  grounded  between  Glas- 
gow and  deep  water  at  Greenock — two  of  them  below  the  Clyde  Trus- 
tees' western  boundary,  the  registered  tonnage  of  the  largest  of  which 
was  2  069  tons,  and  the  greatest  draft  21  ft.  7  ins. — in  1892  only  nine 
vessels  grounded,  the  registered  tonnage  of  the  largest  being  3  613 
tons,  and  the  draft  26  ft.  5  ins. 

In  1800  the  time  of  high  water  at  Glasgow  was  two  hours  behind 
Port  Glasgow;  now  it  is  only  one  hour.  Even  as  late  as  the  summer 
of  1858,  a  float  put  into  the  river  at  Glasgow  Bridge,  at  the  first  of  ebb, 
took  537  hours,  or  43^  tides,  to  reach  Port  Glasgow,  a  distance  of  19.4 
miles;  while  in  the  summer  of  1881,  a  float,  under  exactly  similar  con- 
ditions, reached  Fort  Matilda,  below  Greenock,  a  distance  of  23.5 
miles,  in  86  hours  20  minutes,  or  seven  tides. 

Any  history  of  the  improvement  of  the  river  would  be  incomplete 
if  reference  were  not  made  to  the  removal  of  Elderslie  Rock,  a  huge 
vein  of  trap  which  extends  across  the  river  a  short  distance  above 
Renfrew.  In  the  early  report  of  the  condition  of  the  Clyde,  no  men- 
tion is  made  of  this  rock,  but  the  Blawarthill  Sand — one  of  the  many 
shallow  fords  on  the  river — was  situated  where  the  rock  was  sub- 
sequently found,  and  in  1755  there  was  a  depth  on  this  sand  of  only 
18  ins.  at  low  water,  and  4  ft.  9  ms.  at  high  water.  It  was  not  till  1854 
that  its  existence  was  discovered  by  the  grounding  on  it  of  the  Glasyoir, 
one  of  the  first  steamers  trading  between  GlasgOAv  and  New  York,  wliich, 
while  i^assing  up  the  river,  struck  upon  it  and  knocked  a  hole  in  her 
bottom.  It  was  at  first  thought  that  it  might  be  a  large  boulder  that 
had  done  the  damage;  but  borings  showed  that  it  was  rock,  that  it 
extended  over  an  area  of  the  bed  of  the  river  925  ft.  in  length  by  320  ft. 
in  breadth,  and  that  it  was  a  hard  whinstone  or  trap  dike. 

From  the  time  of  its  discovery  till  the  beginning  of  1869,  boring 
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from  a  movable  stage  and  by  diving  bell,  and  blasting  with  gunpow- 
der, at  an  expenditure  of  £16  000,  liad  given  a  minimum  depth  at  low- 
water  springs  of  14  ft.  for  half  the  width  of  the  channel,  and  a  mini- 
mum depth  of  8  ft.  for  the  other  half,  the  total  -nddth  of  the  river 
there,  from  bank  to  bank,  being  only  410  ft.  It  was  not  till  1880  that 
the  removal  of  the  rock,  so  as  to  give  a  uniform  depth  of  20  ft.  at  low- 
water  springs,  over  every  portion  of  the  channel,  was  commenced  by 
Colonel  Beaumont  with  his  diamond  drills.  In  addition  to  the  novelty 
of  using  diamond  drills,  there  was  the  further  novelty  that  the  holes 
were  bored,  charged  and  exploded  from  a  floating  barge  without  the 
aid  of  divers,  a  mode  of  blasting  subaqueous  rock  which  had  never 
before  been  adopted. 

The  boring  was  done  in  longitudinal  belts,  in  sections  40  ft.  long. 
The  holes  were  located  in  five  rows,  2  J  ft.  apart  transversely,  and  5  ft. 
apart  longitudinally,  so  that  the  holes  in  alternate  rows  would  be 
opposite  one  another.  Eight  holes  longitudinally  were  bored  simulta- 
neously, then  charged  and  blasted,  and  the  other  four  rows  dealt  with 
in  the  same  way.  When  all  the  five  rows  in  the  section  had  been 
bored,  charged  and  blasted,  the  boring  barge  was  shifted  up  stream 
and  operations  commenced  on  the  next  40-ft.  long  section,  and  an  ordi- 
nary, but  powerful,  single  ladder,  small  bucket  dredger  following, 
lifted  the  broken  rock,  and  left  an  open  face  for  the  next  belt  of  holes. 

It  was  early  found  that  where  the  depth  of  hole  was  more  than 
10  ft.,  the  rock  was  not  sufficiently  disintegrated  to  enable  the  dredger 
to  clear  it  freely  away  to  the  bottom  of  the  holes,  and  the  deeper  por- 
tions of  the  rock  were  therefore  taken  in  two  depths,  or  breaks,  the 
first  dejDth  being  bored  to  17  ft.  at  low  water,  blasted  and  dredged. 

The  longitudinal  belts  of  holes  were  continued  from  the  south  side 
outward  to  the  middle  of  the  river,  until  the  whole  ground  in  the 
southern  half  was  cleared  away  to  20  ft.  at  low  water,  the  whole  up- 
and-down  traffic  being  meantime  confined  to  the  north  half  of  the 
river.  The  whole  traffic  was  then  diverted  from  the  north  into  the 
new  south  channel,  which  was  marked  by  three  of  Pintsch's  compressed 
gas-lit  buoys,  capable  of  burning  three  months  continuously.  The 
operations  were  then  continued  northward  until  the  whole  depth  of 
the  river-bed  was  cleared  to  20  ft. 

'  The  explosives  used  were  dynamite,  blasting  gelatine,  tonite  and 
potentite.     Dynamite  was  found  most  satisfactory.     Blasting  gelatine 
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provetl  the  most  powerful  explosive,  but,  wheu  frozen,  was  more  dan- 
gerous to  handle  and  more  difficult  to  explode  thoroughly.  Tonite 
and  potentite  were  found  to  be  less  powerful  than  dynamite,  and  failed 
to  explode  unless  kept  quite  dry. 

Two  horizontal  engines  on  the  deck  of  the  boring  barge,  supplied 
with  steam  from  two  boilers,  drove  the  eight  drills  by  a  main  shaft, 
which  extended  the  whole  length  of  the  barge.  The  diamond 
boi'ing  tool  was  a  steel  annular  ring,  2,  ins.  diameter  and  i  in. 
hick,  studded  with  diamonds  overlapjnng  one  another.  This  annular 
ring  or  crown  was  screwed  on  to  the  bottom  of  the  boring  rod, 
which,  in  suitable  lengths,  was  carried  inside  an  iron  guide  tube 
extending  down  to  the  bottom  of  the  river-bed  ;  the  rod  was  con- 
nected at  the  top  to  a  drill  bar  suspended  from  an  iron  diagonal 
framework  on  the  barge.  Kotary  motion  was  given  to  the  drills  by 
means  of  phosphor  bronze  bevel  wheels,  working  in  a  frame  and 
driven  from  the  main  shaft  on  deck  by  an  ingenious  arrangement 
of  ropes  and  loose  jjulleys  which  allowed  for  any  lateral  or  vertical 
movement  of  the  drill  caused  by  rough  weather,  the  rise  and  fall  of  the 
tide,  and  the  ranging  of  the  barge  through  the  suction  of  passing 
steamers.  The  drill  bar  was  di'iven  at  the  rate  of  400  revolutions 
per  minute  ;  and  during  the  whole  time  that  the  boring  was  proceed- 
ing, water,  at  a  pressure  of  40  lbs.  per  square  inch,  was  forced  down 
through  the  hollow  boring  rod,  to  wash  out  the  detritus  and  keep  the 
face  of  the  diamond  crown  cool.  The  pressure  on  the  drill  was 
ajiplied  by  means  of  counterbalance  weights,  varied  according  to 
the  hardness  of  the  rock  bored.  In  the  hard  blue  whinstone,  the 
boring  of  the  holes  of  2i  ins.  diameter  proceeded  at  the  rate  of  2  ft. 
jjer  hour,  and  5  ft.  per  hour  in  softer  stone. 

When  the  necessary  depth  of  hole  was  bored,  which  w^as  ascertained 
by  sounding  the  hole  and  comparing  the  depth  with  that  on  the 
tide  gauge  adjoining  the  works,  the  drill  rods  were  withdrawn,  and 
the  dynamite  charges  lowered  through  the  guide  tubes  into  the 
bottom  of  the  holes  and  the  tubes  withdrawn.  The  dynamite  charges 
were  fitted  with  detonators  and  primers,  and  attached  to  each  charge 
were  electric  cables,  which  were  led  up  to  the  surface  of  the 
water.  All  the  charges  were  then  connected,  and  the  shot-hole 
wires  at  either  end  were  attached  to  a  main  cable,  which  was  carried 
to  the  positive  and  negative  poles  of  a  Siemen's  high-tension  electric 
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exploder.  The  barge  was  then  withdrawn  about  60  ft.  from  the 
l)lace  of  the  explosion,  and  the  row  of  eight  holes  was  fired  simijil- 
taneously,  resulting  in  the  displacement  of  something  like  100  tons  of 
rock,  the  only  disturbance  being  a  slight  upheaval  of  water.  The 
greatest  amount  Hfted  by  the  dredger  in  one  day  was  280  tons.  A 
diving  bell  afterwards  went  over  the  ground  and  removed  any  large 
stones  that  had  been  left  by  the  dredger. 

More  readily  to  convey  an  idea  of  the  amount  of  labor  involved  in 
the  removal  of  the  rock,  it  may  be  stated  that  something  like  16  000 
holes  were  bored,  equal  to  about  90  000  lin.  ft.  About  110  000 
tons  of  whinstone  and  boulder  clay  were  dredged.  About  76  000  lbs. 
of  dynamite  and  other  explosives  were  used  without  loss  of  life  or 
damage  to  limb,  and  were  exploded  by  means  of  about  35  miles  of 
electric  cable  and  shot-hole  wire.  The  cost  from  first  to  last  was 
£70  000.  Operations  were  carried  on  in  all  weathers,  fair  and  foul, 
without  interfering  in  any  way  with  the  continuous  day  and  night 
traffic  of  the  river;  this,  during  the  fully  five  years  over  which  the  work 
extended,  was  confined  to  the  one  or  other  half  of  the  channel,  and 
amounted  to  180  000  vessels  with  a  tonnage  of  33  000  000  tons,  and 
included  the  largest  steamers  then  afloat,  such  as  the  City  of  Rome, 
the  Etruria,  and  the  Russian  ironclad,  Peter  the  Great. 
'^  The  dredging  plant  of  the  Clyde  Trustees  consists  of  five  stsam 
dredgers,  from  40  to  90  H.  P.  nominal  (the  latest  addition,  already 
referred  to,  being  a  steel  hull,  single  traversing  ladder,  twin-screw 
jiropelled,  electric-lighted  dredger,  200  ft.  long  by  37  ft.  broad  by  12^ 
ft.  deep,  with  a  mean  draft  of  8  ft. ,  cutting  its  own  floatation) ;  one 
tug  steamer,  two  diving  bells,  one  of  them  wrought  entirely  by  steam; 
one  floating  steam  10-ton  digger,  and  18  steam  hopjier  barges  from  35 
to  160  H.  P.  nominal.  The  latest  two  of  the  barges,  also  previously 
mentioned,  have  steel  hulls,  twin  screws  driven  by  trijile-expansion 
engines,  are  each  200  ft.  long  by  34  ft.  broad  and  15^  ft.  deep,  and 
have  a  mean  draft  of  12 1  ft.  and  a  speed  of  10  knots  per  hour  when 
loaded. 

The  lighting  of  the  channel  of  the  Clyde  between  Glasgow  and 
Port  Glasgow  is  by  three  light-towers,  at  Dalmuir,  Rashilee,  and 
Donald's  Quay,  respectively,  all  above  Bowling  ;  by  a  beacon  light  at 
Longhaugh  Point,  one  mile  below  Bowling,  and  by  Dumbuck  Light- 
house, about  two  miles  below  Bowling ;  by  Garmoyle  Lightship,  one 
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mile  below  Duiubartou  Castle  ;  bv  Cardross  Light,  one  mile  above 
the  Clyde  Trustees'  boundary  at  Port  Glasgow  ;  and  by  seven 
lighted  buoys  on  the  soiith  side  of  the  channel,  between  Dumbarton 
and  Port  Glasgow,  the  whole  being  lit  by  Pintsch's  gas.  The  Clyde 
from  Port  Glasgow  to  the  sea  is  lighted  by  the  Clyde  Lighthouses' 
Trust,  under  whose  care  the  Estuary  is  to  the  Cumbrae  Heads,  22 
miles  below  Greenock. 

In  1867  the  Trustees  erected  works  on  the  north  bank  of  the  river  at 
Dalmuir,  8  miles  below  Glasgow,  embracing  slipway,  engine  and 
boiler  works,  for  the  prompt  and  efficient  rejiair  of  their  ever-increas- 
ing dredging  and  other  floating  plant. 

2.    Progress  of  the  Harbour. 

Three  hundred  years  ago  it  could  not  have  entered  into  the  mind 
of  the  most  sanguine  and  far-seeing  citizen  of  Glasgow  that  this  city, 
founded  by  St.  Kentigern  or  St.  Mungo,  in  A.  D.  560,  would  ever  be- 
come one  of  the  leading  jiorts  of  Great  Britain;  situated  as  it  was  on  a 
shallow,  sand-choked  stream,  upwards  of  20  miles  from  deep  water  at 
Greenock,  and  its  usual  port,  Irvine,  in  Ayrshire,  29j  miles  by  land 
from  Glasgow,  from  which  merchandise  was  conveyed  to  and  fro  by 
lighters  and  pack  horses. 

The  magistrates  of  Glasgow,  however,  with  that  doggedness  char- 
acteristic of  Scotchmen,  determined  to  have  a  port  nearer  home,  and  in 
1658  made  overtures  to  the  magistrates  of  Dumbarton  to  purchase 
ground  for  an  extensive  harbour  there ;  but  these  were  declined  on  the 
ground  that  the  great  influx  of  mariners  and  others  would  raise  the 
price  of  provisions  oia  the  inhabitants  ;  they  therefore,  in  1662,  pur- 
chased 13  acres  at  Newark,  on  which  they  afterwards  laid  out  the  town 
of  Port  Glasgow,  built  harbours,  and  constructed  from  the  design  of 
James  Watt  the  first  gi'aving  dock  in  Scotland,  recently  enlarged. 

'^Taile  thus  fostering  Port  Glasgow,  they  still  hankered  after  ac- 
commodation for  ships  at  Glasgow,  and  in  1688  built  a  quay  at  the 
Broomielaw  there  at  the  cost  of  £1  666  13s.  4d. 

In  1755  Smeaton  recommended  that  in  order  to  secure  4^  ft.  of 
water  at  all  times  up  to  this  quay,  a  dam  be  put  across  the  river  four 
miles  below  Glasgow  with  a  lock  18  ft.  in  the  clear,  to  take  in  a  vessel 
70  ft.  long,  or  to  let  pass  a  sloop  or  brig  of  above  100  tons  when  there 
■was  water  in  the  river  to  admit  it. 
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The  extension  of  the  harbour  synchronized  with  the  deepening  of  the 
river,  so  that,  while  in  1800  the  quayage  was  only  382  yds.  long,  and  the 
water  area  of  the  harbour  only  four  acres,  the  length  of  the  quayage  is 
now  11  056^  yds.,  or  6  miles  4963  yds.,  and  the  water  area  160^  acres; 
fullv  one-half  of  the  latter  and  of  the  total  quayage  having  been 
added  since  the  author  became  engineer  to  the  Trustees. 

The  extension  was  from  Glasgow  Bridge  downwards.  Until  1865 
the  sides  of  the  river  afforded  sufficient  ground  for  the  extension  of 
the  quayage.  The  first  dock,  called  Kingston  Dock,  having  5^  acres 
of  water  space  and  830  lin.  yds.  of  quayage,  was  opened  in  1867. 
The  second  dock,  by  special  permission  of  Her  Majesty,  named  the 
Queen's  Dock,  having  33i  acres  of  water  area  and  3  334  yds.  of  quay- 
age, with  20  ft.  depth  of  water  in  front  at  low  tide — spring  tides — was 
oijened  in  1880.  Both  docks  are  tidal ;  and  a  third  tidal  dock  which 
will  be  briefly  described  later  on  is  in  progress. 

The  early  quays  of  the  harbour  were  of  stone,  founded  not  much 
under  the  level  of  low  water.  Subsequently,  as  the  deepening  of  the 
river  progressed,  bearing  and  sheet  piling  of  round  home  timber  were 
introduced,  followed,  as  the  deepening  went  on,  by  wooden  wharfing  of 
squared  red  pine  timber,  and  quay  walls  carried  on  red  pine  bearing 
piles  and  sheet  jiiles. 

The  deepening  of  the  harbour  and  the  lowering  of  low-water  level, 
especially  within  the  last  20  years,  has  injuriously  affected  the  founda- 
tions of  the  quay  walls,  built  even  as  late  as  35  years  ago;  but  by  close 
sheeting  in  front  of  the  walls,  with  creosoted  pitch  pine  piles  varying  in 
length  from  30  to  45  ft.  by  12  ins.  thick,  driven  in  bays  of  three  and 
four  pUes  each  and  tied  back  at  intervals  with  2^-in.  tie  rods  to  heavy 
blocks  of  concrete  masonry — the  walls,  built  70  and  more  years  ago, 
have  been  kept  up  and  made  as  suitable  for  the  vessels  of  to-day  as 
thev  were  for  the  vessels  of  the  period  at  which  they  were  erected. 

In  1870  the  author,  to  meet  the  increasing  depth  demanded  by  the 
ships  frequenting  the  port,  and  to  secure  a  permanency  which  quay 
walls  on  bearing  and  sheet  piles  did  not  afford,  adopted  for  the  sub- 
structure of  the  quay  walls  a  system  of  single  brick  cylinders  12-ft. 
external  diameter,  tongued  and  grooved  into  each  other,  filled  with 
concrete,  and  of  brick  coped  with  granite  for  the  superstructiire; 
followed  two  years  afterwards  by  triple  groups  of  Portland  cement 
concrete  cylinders,  9  ft.  external  diameter,  tilled  with  concrete  for  the 
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siibstnicture,  ami  for  the  saperstructure  concrete  rubble  faced  with 
dressed  freestone  ashlar  and  coped  Avith  granite.  In  recent  years 
lie  has  altered  the  facing   of  such  Avails  to  concrete  ashlar. 

As  the  details  of  this  form  of  structure  may  be  new  to  American  en- 
gineers, the  author  will  give  a  short  description  of  the  Queen's  Dock 
just  referred  to. 

The  jilan  of  the  harbour,  which  accompanies  this  j^aper,  shews  the- 
dock,  which  comprises  three  basins — the  north  basin,  1  866  ft.  long  by 
270  ft.  wide;  the  south  basin,  1  647  ft.  long  by  230  ft.  wide,  with  a  quay 
between  them,  195  ft.  broad;  and  an  outer  basin,  695  ft.  -wide  at  its 
widest  part  by  1  000  ft.  long.  As  already  stated,  the  dock  is  Lidal  and 
is  approached  by  an  entrance  100  ft.  wide,  which  is  crossed  by  a  swing 
bridge  constructed  by  Sir  William  Armstrong  &  Co. 

There  are  four  coaling  cranes  to  lift  20  tons  each  on  the  north  quay 
of  dock,  all  of  which,  together  with  the  swing  bridge — which  is  designed 
to  carry  60  tons  of  a  rolling  load  on  any  part  of  its  roadway — are 
wrought  by  hydraulic  power. 

Before  proceeding  Avith  the  construction  of  the  dock,  it  A\as  neces- 
sary to  learn  by  boring  the  character  of  the  ground  in  which  the 
w^alls  were  to  be  j^laced.  One  hundred  and  twenty-three  borings  Avere 
made  for  this  purpose  along  the  lines  of  the  quay  walls,  and  it  was 
ascertained  that  the  material,  except  along  a  portion  of  the  north  wall, 
where  rock  Avas  sufficiently  near  the  surface,  and  at  the  northwest  cor- 
ner, where  boulder  clay  was  found,  was  the  worst  possible  in  AAhich  to 
construct  in  the  usual  manner  such  works,  consisting,  as  it  does,  of 
water-bearing  gravel  and  sand,  interspersed  with  jjockets  of  mud. 

Owing  to  the  enormous  quantity  of  water,  the  walls  could  not  be 
constructed  at  a  reasonable  cost  by  excavating  trenches  to  the  required 
depth,  except  where  the  rock  was  sufficiently  near  the  surface,  or  in 
boulder  clay.  The  north  quay  wall  of  the  dock,  so  far  as  founded  on 
boulder  clay,  and  that  is  for  about  1  297  ft.  of  its  Avholc  length  of  2  951 
ft. ,  is  of  the  usual  description,  the  only  difference  being  that  concrete 
founds,  2  ft.  6  ins.  thick,  were  used  in  place  of  freestone  blocks;  and 
rubble  set  in  Portland  cement,  a  much  superior  mode  of  construction, 
was  employed  for  the  backing,  instead  of  rubble  built  with  ordinary 
mortar.  Where  the  bottom  consisted  of  strong  coarse  gravel  or  rock, 
liquid  concrete  was  substituted  for  the  solid  concrete  founds,  by 
which  means  all  the  hollows  in  the  surface  of  the  rock  were  thoroughly 
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filled   and  an  even  and  fair  surface  obtained  on  which  to  commence 
the  building  of  the  wall. 

For  all  the  other  walls,  except  at  two  or  three  places  where  pockets 
of  clay  were  encountered  and  piling  was  used  and  for  the  seat  for  the 
swing  bridge,  concrete  cylinders  were  adopted  for  the  substructure. 

The  cylinders  carrying  the  quay  walls  are  triple.  They  were  made 
in  rings,  2  ft.  6  ins.  deep  by  1  ft.  11  ins.  thick,  in  movable  wooden 
moulds  on  a  platform.  The  concrete  consisted  of  5  of  gravel,  or  broken 
stones  and  sharp  sand,  to  1  of  Portland  cement  of  the  strongest 
description,  mixed  together  by  steam-power  in  a  mixer  designed  for 
the  jjurpose,  water  being  added  to  bring  the  mass  to  a  plastic  state. 
To  facilitate  lifting,  the  rings  were  divided  into  three  and  four 
pieces  alternately,  so  as  to  break  bond  when  built  into  the  cylinders. 
The  dividing  of  the  rings  was  very  simply  effected;  malleable  iron 
division  jilates  I  in.  thick  were  placed  across  the  wooden  moulds  in 
the  positions  required  before  the  concrete  was  filled  into  them;  the  con- 
crete was  then  put  in  and  well  punned  with  rammers  weighing  25  lbs., 
so  as  to  secure  homogeneity  and  a  smooth  surface.  Twelve  hours  after- 
wards the  division  plates  were  withdrawn,  and  two  days  thereafter 
the  wooden  moulds  ;  and  in  periods  varying  from  nine  days  in  the  hot 
weather  of  summer  to  three  weeks  in  the  rains  of  winter,  the  rings 
were  ready  for  removal  and  building.  The  contents  of  one  ring  com- 
plete were  10^  cu.  yds.,  and  the  weight  18  tons,  the  heaviest  portion 
weighing  about  6  tons. 

The  cylinders  were  each  11  rings,  or  27  ft.  6  ins.  in  height;  the  bot- 
tom ring,  difiering  from  the  others,  was  called  a  "corbelled"  ring, 
because  it  was  made  less  in  thickness  at  the  bottom  to  fit  into  a  cast-iron 
shoe,  and  tapered  inwards  to  the  full  thickness  of  1  ft.  11  ins.  The 
shoe  "was  2  ft.  deep  of  1-in.  metal,  and  of  the  same  external  size  and 
shape  as  the  rings,  the  underside  of  the  bottom  ring  resting  on  a  shelf 
in  the  shoe  6  ins.  below  the  top  edge  of  the  shoe.  This  shelf  was  formed 
of  an  inner  ring  of  cast  iron  1  in.  thick,  jirojecting  at  the  toj)  12  ins. 
inwards  from  the  inside  of  the  outer  side  of  the  shoe,  and  tapering  out- 
wards to  the  bottom  of  the  shoe,  where  it  joined  the  outer  ring,  thus 
forming  a  cutting  edge  to  the  shoe,  the  wedge-shaped  space  between 
the  outer  and  inner  ring  being  filled  with  concrete. 

The  shoe  is  only  under  the  outward  circumference  of  the  "cor- 
belled" ring,  the  inner  parts  of  the  ring   being  unshod.     The   shoe 
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weighed  about  4  ions  10  cwt.s. ,  and  for  convenience  in  placinp:  in  tlie 
trench  was  made  in  six  parts  and  bolted  together. 

In  proceeding  with  the  construction  of  the  substructure,  a  trench 
was  cut  on  the  line  of  the  quay  wall;  the  bottom  of  the  trench  was 
about  12  ins.  below  low-water  level,  where  it  was  made  21  ft.  wide,  the 
sides  sloping  upwards  with  a  batter  of  1^  horizontal  to  1  peri)endic- 
nlar,  and  the  necessary  staging  was  erected  to  carry  the  traveling 
cranes  and  digging  apparatus.  On  the  bottom  of  this  trench  the 
shoes  were  placed  exactly  in  the  line  of  the  quay  wall,  and  the  space 
])etw  een  the  outer  and  inner  rings  of  the  shoe  was  filled  up  Avith  concrete, 
as  already  explained.  The  "  corbelled  ''  ring  was  placed  on  the  shelf  in 
the  shoe,  and  bolted  to  it  by  13  Ij-in.  bolts,  a  malleable  ii'on  ring  5  ins. 
by  i  in.  thick  being  sunk  into  the  "corbelled  "  ring  on  the  top,  the 
places  for  this  ring,  and  for  the  bolts  passing  through  the  concrete  ring, 
hav-ing  been  made  in  the  moulding  of  the  latter.  The  remaining  10 
rings,  forming  a  triple  group  of  cylinders,  were  set,  one  on  tojD  of  the 
other,  in  Portland  cement,  in  three  and  four  pieces  alternately. 
The  cylinders  were  placed  in  the  trench  so  as  to  dovetail  into  each 
other,  one  cylinder  in  front  and  two  behind,  and  two  in  front  and  one 
behind,  alternately.  The  sides  of  the  groups,  where  they  pressed 
against  each  other,  were  flattened  for  a  length  of  5  ft. ,  so  as  to  ensure 
a  good  bearing. 

When  the  building-up  of  the  rings  forming  a  group  of  cylinders 
Avas  completed,  the  sand  and  gravel  were  dug  out  simultaneously  from 
within  each  of  the  three  cylinders  by  means  of  excavators  specially 
designed  for  the  purpose.  From  300  to  450  tons  of  cast-iron  w'eights, 
of  the  same  shape  as  the  rings,  were  generally  required  to  force  each 
group  of  cylinders  down  the  required  depth  of  48  ft.  6  ins.  below  the 
cope  level  of  quay,  the  tops  of  the  cylinders  finishing  9  ins.  below 
low-water  level.  The  average  rate  of  sinking  was  about  12  ins.  per 
hour.  In  good  working  sand  as  much  as  3  ft.  i^er  hour  was,  however, 
attained.  When  the  group  had  been  sunk,  it  was  cleaned  out  by 
means  of  the  excavators  to  the  level  of  the  bottom  of  the  shoe,  and 
each  cylinder  was  then  filled  to  the  top  wdth  Portland  cement  concrete, 
and  on  this  fotindation  the  quay  Avail  is  built. 

The  walls  are  of  concrete  rubble,  many  of  the  stones  Aveighing  from 
2  to  3  tons  each,  and  faced  with  freestone  ashlar  in  courses  rang- 
ing from  18  to  15  ins.  in  thickness,  the  stones   being  not  less  than 
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i  ft.  long  by  2  ft.  broad  on  the  beds,  and  tlie  headers  not  more  than 
10  ft.  apart,  centers.  The  cope  is  of  granite,  3  ft.  6  ins.  broad  by  17 
ins.  thick,  in  lengths  of  not  less  than  4  ft. ;  and  the  mooring  paals,  or 
bollards,  which  are  32  ft.  aj^art,  centers,  are  built  into  the  wall  im- 
mediately behind  the  cope. 

The  swing  bridge  across  the  entrance  to  the  dock  rests  on  a  foun- 
dation probably  unique  in  the  annals  of  swing  bridges,  viz. ,  on  a  group 
of  concrete  cylinders,  12  in  number,  each  9  ft.  in  external  diameter,  29 
ft.  in  depth  by  23  ins.  thick,  resting  on  cast-iron  shoes,  similar  to 
those  described  for  the  quay-wall  foundations.  The  cylinders  were 
sunk  in  the  manner  already  described,  and  after  they  and  the  inter- 
stices between  them  were  properly  cleaned  out,  all  the  voids  were  filled 
to  the  top  with  concrete,  chock  piles  being  driven  where  required. 
On  the  center  of  the  rectangular  area,  36  ft.  4  ins.  by  27  ft.  3  ins.  by 
29  ft.  deep,  thus  formed,  a  stepped  ashlar  pier  16  ft.  square  at  the 
V)ottom  and  10  ft.  square  at  the  top  by  7  ft.  high  was  erected,  which 
carries  a  block  of  granite  7  ft.  square  by  3  ft.  6  ins.  deep,  on  Avhich  the 
center  lifting  press  rests.  The  pier  is  suiTounded  by  concrete  rubble, 
the  whole  forming  a  mass  of  masonry  36  ft.  6  ins.  by  32  ft.  6  ins.  by 
10  ft.  6  ins.  high,  to  the  level  of  the  floor  of  the  bridge  press  chamber. 
The  center  pier  sustains  a  weight  of  800  tons. 

Considerable  difficulty  was  experienced  in  securing  stable  foun- 
dations for  the  hydraulic  rams  for  working  the  bridge  and  for  the  cap- 
stans and  side  walls  of  the  bridge  pit,  the  ground  being  loose  and  inse- 
cure where  these  had  to  be  placed.  Smgle  concrete  cylinders  placed 
apart,  and  spanned  between  by  brick  arches,  overcame  the  difficulty. 

The  bridge  is  181  ft.  6  ins.  long  by  40  ft.  6  ins.  wide,  the  length 
overhanging  the  center  of  the  center  press  and  partly  spanning  the 
100-ft.  opening  being  126  ft.  6  ins. 

The  swing  bridge  and  hydraulic  machinery  have  been  in  daily  use 
since  September  18th,  1877,  when  the  dock  was  formally  opened  by  the 
admission  into  it  of  the  Anchor  Line  Steamship  Victoria,  369  i  ft.  long 
by  40  ft.  broad,  2  081  tons  register. 

The  coaling  cranes  are  capable  of  lifting  20  tons.  They  are  placed 
on  stone  seats,  the  granite  tops  of  which  are  8  ft.  above  the  level  of  the 
quay,  and  21  ft.  6  ins.  square;  the  lifting  chains  have  a  sweep  of  29  ft. 
9.  ins. ,  and,  when  at  right  angles  to  the  face  of  the  quay,  project  19  ft. 
9  ins.  beyond  the  water  face  of  seat;  the  Hfts  of  the  chains  are  20  ft. 
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In  addition  to  their  employment  in  the  shipment  of  coals,  they  are 
also  adapted  to  the  loading  and  unloading  of  machinery  to  their  maxi- 
mum lifting  power. 

The  sheds  are  60  ft.  wide  by  15  ft.  high  to  the  underside  of  the  run- 
beams,  and  27  ft.  to  the  ridge  of  the  roof;  the  back  walls  are  of  brick, 
19  ins.  thick,  with  freestone  base  course,"  cope  and  door  openings ;  the 
roofs  are  of  iron,  and  the  fronts  are  closed  their  entire  length,  -vvdth 
sliding  gates  of  timber.  The  cost  per  linear  foot  of  shed  at  present 
prices  is  £10  10s. 

The  cost  of  the  quay  walls  per  linear  yard  including  the  excavation 
for  trench  below  level  of  cope,  was: 
Let  in  August,  1872:  £      s.  d. 

Quay  walls  on  cylinders 154     2    0 

Quay  wall  on  sheet  and  bearing  jjiles 144     8     0 

Ordinary  quay  wall  founded  on  boulder  clay 116     5     0 

Quay  walls  on  piles  and  concrete,  substituted  for 

cylinders 172     0     0 

Let  in  April,  1876: 

Quay  wall  founded  on  boulder  clay 101     7  6 

Quay  wall  on  cylinders 139     4  0 

Let  in  November,  1876: 

Quay  walls  on  cylinders 129  12  8 

"  founded  on  rock 101     6  8 

The  total  cost  of  the  dock  when  fully  equipped  was  £825  000,  ex- 
clusive of  land. 

The  following  particulars  connected  with  the  dock  may  possibly  be 
of  some  interest : 

Excavation  for  walls  above  formation  level . .        255  871  cu.  yds. 

Excavation  in  wall  trenches 494  764        " 

Excavation  in  sinking  cylinders "      126  407        " 

Concrete  in  cylinder  rings 1  800  203  cu.   ft. 

Concrete  in  filling  of  cylinders 1  313  010        " 

Gravel  filling  of  cylinders 99  495        " 

Number  of  cylinders— triple 607 

"  twin 1 

"  single 20 

Total 628 
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Total  length  of  cylinders,  17  085  ft.,  or  3  miles  415  yds. 

Ashlar  masonry 747  223  cu.  ft. 

Rubble  and  concrete  masonry 2  511  919     " 

The  quay  walls  are  founded  as  follows  : 

Upon  concrete  cylinders 2  813    lin.  yds. 

Upon  boulder  clay 479f 

Upon  rock 210^ 

Upon  hard  gravel 122 

Partly  upon  rock  and  partly  upon  boulder  clay 

overlying  rock 12j 

Upon  timber  piling  and  concrete 56  J 

Timber  wharf  at  entrance 134 


Total 3  828 

or  2  miles  308  yds. 

The  total  quantity  dredged  in  connection  with  the  formation  of  the 
dock  was  2  855  000  cu.  yds. 

The  first  of  the  ground  acquired  for  the  dock  was  bought  in  1843 
at  6s.  6d.  per  square  yard,  and  the  last  in  1872  at  35s.  Since  the  latter 
date,  ground  in  the  immediate  vicinity,  but  not  so  favorably  situated, 
has  changed  hands  at  65s.  per  square  yard. 

The  demands  still  continuing  for  increased  quay  accommodation, 
notwithstanding  the  large  addition  made  to  the  harbour  by  the  con- 
struction of  the  Queen's  Dock,  the  Trustees  nine  years  ago  got  powers 
from  Parliament  to  construct  another  dock  on  the  south  side  of  the 
river.  This  is  shown  on  the  plan  of  the  harbour  already  referred  to, 
and  comprises  a  canting  basin  and  three  berthing  basins. 

The  entrance  is  completed,  and  the  north  basin  nearly  so,  and  a 
two-story  shed,  70  ft.  wide,  is  being  erected  on  the  north  quay  of 
that  basin.  The  depth  of  the  canting  basin  is  to  be  28  ft.,  of  the  north 
basin  20  ft.,  and  of  the  center  and  south  basins  25  ft.  at  low  water, 
spring  tides. 

The  substructure  of  the  quay  walls  consists  of  a  row  of  9-ft. 
diameter  trijjle  concrete  cylinders,  except  the  walls  of  canting  basin, 
which,  in  consequence  of  the  additional  depth  of  that  basin,  have  a 
single  row  of  9-ft.  diameter  twin  cylinders  behind  the  row  of  triple 
cylinders,  and  the  superstructure  of  all  the  walls  consists  of  concrete 
rubble  faced  with  concrete  ashlar. 
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The  tliickuess  of  the  superstructure  of  the  walls  of  the  north  basin, 
and  of  the  center  basin  so  far  as  constructed,  is  16  ft.  at  bottom  (on  the 
top  of  the  cylinders),  and  6  ft.  6  ins.  at  top.  Those  of  the  canting 
basins  are  26  ft.  at  bottom  and  9  ft.  6  ins.  at  toi3.  All  are  tied  back  at  from 
50  to  70  ft.  intervals  by  2i-in.  tie  rods  to  blocks  of  concrete  masonry 
12  ft.  long  by  8  ft.  deep  by  6  ft.  thick.  The  whole  of  the  work  is  being 
executed  administratively,  that  is,  without  the  aid  of  contractors,  the 
iron  shoes,  all  stones,  including  dressed  granite  cope,  and  other  granite 
work  ready  for  building,  cement,  timber,  etc. ,  being  contracted  for. 

The  cost  of  the  walls  of  north  basin  was  £80  per  linear  yard;  of  the 
walls  of  center  basin,  so  far  as  constructed,  £90  per  linear  yard;  and  of 
the  walls  of  canting  basin,  so  far  as  constructed,  £120  per  linear  yard. 

To  enable  the  dock  works  to  be  gone  on  with,  the  Renfrew  Road, 
the  only  thoroughfare  between  Glasgow  and  the  great  ship-build- 
ing center  of  Govan  and  the  Burgh  of  Renfrew,  60  ft.  wide,  had  to  be 
diverted  for  1  575  lin.  yds.,  and  a  new  system  of  main  sewers  laid 
down  for  the  populous  district  which  surrounds  the  docks. 

The  river  side  and  dock  quays  are  well  equipped  with  everything 
necessary  for  the  speedy  loading  and  unloading  of  vessels,  including 
5}  miles  of  harbour  railway  on  the  north  side,  and  3  miles  on  the  south 
side,  connecting  with  the  whole  railway  system  of  the  Kingdom. 

The  Clyde  Trustees  have  no  warehouses,  but  have  30  acres  of  sheds 
for  the  accommodation  and  protection  of  goods.  Unlike  dock  com- 
panies, the  Trustees  do  not  load  and  unload  goods;  these  duties,  with 
their  consequent  profits,  are  left  to  the  ship-owners  to  perform.  They, 
however,  by  means  of  42  steam  and  hydraulic  cranes  ranging  in  lifting 
power  from  30cwt.  to  75  tons,  load  coals  and  heavy  machinery,  discharge 
ore,  mast  vessels,  and  place  boilers  and  engines  on  board  steamers 
built  on  the  river  banks  and  in  the  neighbourhood;  and  there  is  now  in 
course  of  erection  in  the  harbour  to  meet  the  ever-increasing  weight  of 
marine  boilers,  a  pillar  crane,  to  l)e  tested  to  150  tons,  of  the  following 
character  and  leading  dimensions  :  the  weights  to  be  raised  with  a 
steel  wire  rope  to  a  height  of  60  ft.  above  the  top  of  the  crane  seat  from 
a  depth  of  20  ft.  below  the  quay  level,  or  a  total  lift  of  100  ft.  Its 
radius  or  sweep  to  be  65  ft. ,  and  to  project  45  ft.  beyond  the  face  of  the 
seat.  The  jib,  a  double  steel  tube,  well  braced,  to  be  90  ft.  long, 
and  3  ft.  3  ins.  in  diameter  at  the  center  of  each  tube.  Its  weight, 
including  stays,  will  be  45  tons. 
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The  diameter  of  rope  drum,  5  ft.  2  ins.;  length,  10  ft. ;  weight,  lOi 
tons.  Diameter  of  cast-steel  roller  path,  33  ft. ;  weight,  12  tons.  In 
the  live  roller  ring,  75  cast-steel  rollers  of  a  maximum  diameter  of  14 
ins.,  weighing  in  all  lOj  tons. 

The  washer  plates  for  holding-down  bolts,  six  in  number,  to  be  6  ft. 
square,  and  their  total  weight  13  tons.  The  six  holding-down  bolts 
to  be  each  38j  ft.  in  length  bj  5  ins.  in  diameter,  and  weigh  8  tons. 

The  steel  center  pillar  to  be  17  ins.  in  diameter,  and  the  weight,  6  tons. 
The  crane-framing  to  be  27i  ft.  in  height,  and  to  weigh  50  tons,  and 
the  boiler  to  be  14  ft.  high  by  6  ft.  in  diameter,  and  to  weigh  6  tons. 
The  crane  to  have  two  separate  lifts,  130  and  20  tons.  The  steel- 
wire  rope  for  the  former  lift  to  be  2|  ins.  in  diameter,  and  1  100 
ft.  long;  and  for  the  20-ton  lift,  1^  in.  in  diameter  and  370  ft.  long. 
The  main  block  with  four  pulleys  to  be  12  X  7  X  3  ft. ,  and  to  weigh 
about  6  tons.  The  crane  will  be  balanced  by  100  tons  of  iron  and 
steel  punchings  in  a  ballast-box. 

There  are  to  be  two  speeds  for  heavy  lifts,  2  ft.  per  minute  for  130 
tons,  and  4i  ft.  per  minute  for  60  tons;  and  a  separate  engine  for  two 
speeds  for  loads  up  to  20  tons,  viz. ,  12  ft.  per  minute  for  20  tons,  and 
30  ft.  per  minute  for  8  tons.  The  revolving  to  be  performed  by  a 
separate  engine  with  two  speeds — a  revolution  in  6  minutes  for  130 
tons,  and  3i  minutes  for  60  tons. 

A  description  of  the  seat  on  which  the  crane  is  being  erected  may 
be  of  interest.  Its  site  is  shown  on  the  plan  on  Finnieston  Quay, 
north  side  of  harbour. 

To  admit  of  its  erection,  a  portion  of  the  quay  wall  forming  the 
north  line  of  the  river  had  to  be  taken  down  before  proceeding  with 
the  substructure.  This  consists  of  three  front  groups  of  triple  con- 
crete cylinders,  with  four  single  concrete  cylinders  close  behind  them, 
and  three  groups  of  triple  concrete  cylinders  close  behind  the  latter, 
all  of  9  ft.  external  and  5  ft.  9 J  ins.  internal  diameter,  resting  on  cast- 
iron  shoes.  The  front  groups  were  sunk  to  the  average  depth  of  60  ft. 
8  ins. ,  the  four  single  cylinders  to  59  ft. ,  and  the  three  back  groups  to 
56i  ft.,  below  the  level  of  cojie  of  quay  wall,  and  all  filled  with  Portland 
cement  concrete.  The  tops  of  the  front  cylinders  are  25  ft.,  and  the 
single  and  back  cylinders 22^  ft.,  below  the  level  of  cope  of  quay  wall; 
and  from  these  levels  the  superstructure  of  the  seat,  which  is  40  ft. 
square,  rises  to  20  ft.  above  the  cope  level  of  quay  wall,  and   consists 
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of  t'oncreto  rubblo  liearting  with  granite  corners  and  cope,  faced  in 
front  to  the  level  of  the  underside  of  cope  of  the  quay  wall  with 
redressed  freestone  ashlar.  This  ashlar  was  from  the  portion  of  the 
quay  wall  removed  to  permit  of  the  erection  of  seat.  The  superstructure 
lit  hack  and  sides  to  the  level  of  the  qiiay  Avas  faced  with  heavy  rubble, 
and  thence  to  the  underside  of  the  cope  of  seat  with  concrete  ashlar. 

Several  of  the  largest  ship-builders  and  marine  engineers,  such  as 
Messrs.  A.  &  J.  Inglis,  the  Fairfield  Ship-building  «fe  Engineering  Com- 
pany, Limited;  Alexander  Stephen  &  Sens,  and  James  <fe  George 
Thomson,  put  boilers,  engines,  etc.,  on  board  by  means  of  shears  or 
cranes  in  their  own  yards. 

Berths  are  set  aside  for  special  ti'ades,  such  as  coal,  lime,  timber, 
river  passenger  steamers  and  cattle,  and  fully  a  half  of  the  total 
quayage  of  11  056 i  yds.  is  allocated  to  the  leading  lines  of  steamers 
trading  to  outpoi-ts  of  Scotland,  England  and  Ireland,  to  the  leading 
Continental  ports  of  Europe,  to  the  British  Colonies,  and  to  America, 
Canada,  the  East  and  West  Indies,  Africa,  etc. 

The  Trustees  permit  ship-owners  having  allocated  berths  to  place 
steam  cranes  on  the  breasts  of  the  quays,  and  there  are  at  present  32 
of  these  in  use,  ranging  from  30  cwts.  to  30  tons  in  lifting  power. 

In  1856  a  private  ship-building  firm  on  the  confines  of  the  harbour 
built  a  graving  dock  500  ft.  long  in  connection  with  their  yard,  and  it 
was  not  until  1875  that  the  first  public  graving  dock,  565  ft.  long  by 
22  ft.  10  ins.  on  the  sill  at  high  water,  spring  tides,  was  completed  by 
the  Clyde  Trustees  at  a  cost,  exclusive  of  land,  of  £134  800.  Another, 
575  ft.  long  by  52  ft.  4  ins.  wide  at  bottom,  92  ft.  wide  at  top,  with  the 
same  depth  on  the  sill  as  the  last  named,  constructed  by  and  from  the 
designs  of  the  author  without  the  aid  of  contractors,  as  has  been  all  the 
quayage  of  the  harbour  for  the  last  10  years,  was  opened  in  1886  at  a 
cost,  exclusive  of  land,  of  £108  200. 

The  wing  walls  and  apron  of  the  latter  are  carried  on  triple  con- 
crete cylinders,  9  ft.  diameter,  sunk  24  ft.  into  the  ground  and  filled 
with  concrete,  their  tops  being  3  ft.  below  the  level  of  top  of  sill  at  the 
entrance.  One  of  these  triple  cylinders  was  used  as  a  well  for  a  13-in. 
centrifugal  pump,  which  was  required  to  keep  under  the  large  amount 
of  water  flowing  from  the  gravel  strata  in  which  the  excavation  for  the 
dock  had  to  be  carried. 

Into  this  well  were  led  three  lines  of  9-in.  open-jointed,  spigot  and 
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faucet  pipes;  these  were  of  cast  iron  under  the  sills,  and  fire  clay 
thence  to  the  upper  end  of  the  dock.  These  pipes  were  laid  under  the 
foundations  of  the  floor  on  an  inclination  of  about  1  in  300,  with 
branches  from  each  as  required,  to  give  free  passage  to  every  spring 
of  water  that  was  met  with.  To  prevent  them  from  choking  with 
sand,  a  small  wire  rope  with  wire  brush  attached  was  carried  through 
each  pipe  from  the  well  to  the  upper  end,  as  the  work  of  excavation 
proceeded  from  the  entrance  to  the  head  of  dock,  and  they  were  quite 
successfully  cleared  by  this  means. 

The  pipes  were  bedded  in,  and  covered  to  the  depth  of  18  ins.  with 
clean  riddled  gravel,  which  kept  the  ground  well  dried  for  the  laying  of 
the  bottom  bed  of  concrete  forming  the  lowest  section  of  the  founda- 
tions of  floor  and  side  walls.  On  this  concrete  bed,  which  is  12  ins. 
thick  at  the  center,  and  3  ft.  2  ins.  at  the  sides,  a  brick-in-cement 
invert  4  ft.  2  iiis.  thick  was  laid  to  the  radius  of  120  ft. ,  surmounted 
by  a  bed  of  concrete  4  ft.  5  ins.  thick  in  the  center,  tailing  out 
to  12  ins.  on  each  side  with  a  camber  of  6  ins.  on  the  upper  surface. 
On  this  was  laid  the  flooring  of  the  dock  consisting  of  nidged  granite 
blocks  6  ins.  thick,  set  in  and  grouted  with  cement.  The  floor  at  the 
center  is  12  ins.  below  the  sill,  and  is  level  longitudinally. 

The  limited  width  of  the  site  of  the  dock  prevented  the  excavation 
being  taken  out  to  the  usual  width  on  the  top,  and  the  desire  to  get 
the  dock  as  wide  and  long  as  the  ground  would  admit  of  necessitated 
the  driving,  along  both  sides  and  round  the  head,  of  pitch  pine  sheet 
piling,  28  ft.  long  by  9  ins.  thick  on  the  sides,  and  12  ins.  thick  round 
the  head  of  dock,  in  four-pile  bays,  with  slip  tongues,  16  ft.  of  the 
length  being  into  the  undisturbed  bottom. 

In  front  of  this  sheet  piling,  brickwork  was  carried  up  from  the 
invert  over  the  top  of  the  piling,  and  the  ground  behind  the  piling  was 
cut  away  for  a  breadth  of  7  ft.  6  ins.  and  a  depth  of  6  ft.  and  filled 
with  concrete,  on  which  the  outer  side  walls,  37  ins.  thick  at  bottom 
and  18  ins.  at  top,  plumb  at  back  and  stepped  inside,  were  built,  the 
whole  being  carefully  pointed  outside  to  secure  water-tightness. 

Inside  of  these  walls,  the  whole  body  of  the  dock  is  of  concrete,  ex- 
cept the  side  walls  of  the  entrance,  the  stairs,  timber  slides,  the  top  altar 
course  and  cojie,  which  are  of  granite.  All  the  other  altar  courses, 
17  in  number,  are  of  granolithic,  14  ins.  on  the  tread  and  18i  ins.  rise, 
excei^t  the  bottom  course,  which  is  30  ins.  average  rise. 
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The  concrete  of  the  sides  of  the  dock  was  put  iu  between  movable 
frames,  roughly  stepped  to  receive  the  granolithic  altar  courses,  which 
were  moulded  on  a  platform  on  the  working  ground,  and  when 
thoroughly  dry,  built  iu  position  like  ashlar,  except  the  bottom  altar 
course,  which  was  made  in  situ  iu  8-ft.  lengths  and  in  alternate  blocks, 
to  allow  of  setting  and  shrinkage. 

The  floor  of  the  caisson  chamber  is  a  brick-in-cement  invert,  with 
granite  stones  and  cast-iron  blocks  alternately,  for  carrying  the  rails 
upon  which  the  caisson  travels,  the  cast-iron  blocks  being  cored  out 
for  the  drainage  of  the  mud  from  the  rails. 

The  side  and  end  walls  of  the  chamber  are  of  brick,  with  rectangular 
voids  filled  with  concrete,  and  having  a  freestone^string  coiirse  on  each 
side  for  the  hauling-chain  jjath. 

The  caisson  chamber  is  covered  over  with  Lindsay's  patent  steel 
trough  decking,  having  the  troughs  filled  up  with  concrete,  and  a 
layer  of  4  ins.  thick  over  the  whole,  and  causewayed  over  to  form  a  part 
of  the  roadway. 

The  semi-circular  head  of  the  dock  is  formed  of  brick  in  cement, 
stepped  at  back,  with  rectangular  voids  filled  with  concrete  and  faced 
with  moulded  granolithic-faced  concrete  ashlar,  battered  on  the  face  to 
1  in.  per  foot,  in  courses  18  ins.  deep,  chamfered  on  top  and  bottom 
edges,  the  stretchers  being  4  ft.  long  by  1  ft.  9  ins.  broad  on  bed,  and 
the  headers  3  ft.  6  ins.  long  by  2  ft.  broad. 

There  are  two  stairs  with  two  stair  approaches  to  each,  and  four 
timber  slides  on  each  side  of  the  dock.  The  stairs  are  4  ft.  6  ins.  wide, 
with  landings  about  half  way  down.  Each  landing  is  ap23roached  from 
the  surface  by  two  stairs  parallel  with  the  dock  and  entering  from  oppo- 
site directions;  the  steps  of  stairs  are  12  ins.  broad  and  6 J  ins.  rise. 

The  caisson  for  closing  the  entrance  is  of  iron,  rectangular  in  shape, 
as  was  first  used  in  1850  to  close  the  lock  entrance  at  Key  ham  ;  with  fold- 
ing roadway  and  handrails,  similar  to  the  caisson  with  folding  handrails 
and  lowering  and  raising  roadway  deck  adopted  in  1867  by  Sir  Andrew 
Clarke,  R.  E.,  to  close  the  entrance  to  the  Royal  Somerset  Graving 
Dock,  Malta  ;  but  instead  of  sliding,  as  at  Malta,  it  is  moved  by  rollers 
fixed  under  it,  which  run  on  broad  iron  rails  laid  on  each  side  of  the 
floor  of  the  caisson  chamber. 

The  caisson  has  a  water-tight  deck  about  half  way  between  the  bot- 
tom and  top,  and  is  ballasted  with  180  tons  of  concrete  ballast,  60  tons  of 
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■whi^h  is  portable,  being  in  12-iii.  cubes  wliicli  can  be  lifted  out  to 
enable  the  caisson  to  be  floated  out  of  its  recess  if  required. 

The  whole  of  the  cement  used  in  the  construction  of  the  dock  was 
the  best  quality  of  Portland.  The  proportions  of  gravel  and  broken 
stone  and  cement  for  the  concrete  were  as  follows  :  for  the  making  of 
the  triple  cylinders,  5  to  1 ;  floor  and  sides  of  dock  and  ballasting  of 
caisson,  6  to  1,  the  concrete  on  the  sides  being  supplemented  by  a 
plentiful  supply  of  rubble  ;  for  the  covering  of  the  caisson  chamber, 
8  to  1 ;  and  for  the  filling  of  the  concrete  cylinders,  9  to  1. 

The  gravel  for  the  concrete  was  mostly  got  from  the  excavations, 
the  remainder  was  Thames  gravel  brought  round  from  London  as 
ballast,  and  a  considerable  quantity  of  the  rubble  stone  was  from 
the  blasting  of  Elderslie  Eock,  already  referred  to. 

All  the  concrete  was  mixed  by  Jamieson's  patent  mixers,  and  the 
stones  were  broken  by  Hope's  patent  stone  breaker. 

The  granolithic  altars  consist  of  3  parts  of  crushed  granite  to  1  of 
cement,  and  the  granolithic-faced  ashlar  of  6  ins.  of  granolithic  of 
the  same  quality,  the  remainder  of  the  blocks  being  5  to  1  concrete. 
The  mortar  for  building  the  brickwork  was  composed  of  1  part  of 
cement  to  2i  of  sharp  sand;  and  for  jjointing,  1  part  of  cement  to  1  of 
sand.     All  the  sand  was  obtained  from  the  excavations  for  the  dock. 

The  dock  is  emptied  by  the  pumping  engines  of  No.  1  dock  through 
a  5  ft. -9  in.  bore  cast-iron  pipe;  but  this  pipe  having  been  put  in  simul- 
taneously with  the  construction  of  No.  1  dock,  for  the  second  dock  to 
be  2  ft.  10  ins.  less  in  depth,  the  last  few  inches  of  water  above  the 
floor  in  No.  2  dock  has  to  be  emptied  by  an  auxiliary  pump,  a  10-in. 
centrifugal,  by  Messrs.  Easton  &  Anderson,  London,  driven  by  a  16- 
H.  P.  nominal  gas  engine,  by  Messrs.  Crossley  Brothers,  Manchester. 

The  caisson  was  made  by  Messrs.  Hanna,  Donald  &  Wilson,  Paisley-, 
the  caisson  hydraulic  engine,  which  can  also  be  worked  by  hand,  is  by 
Messrs.  Tannet,  Walker  &  Co. ,  Leeds ;  and  a  new  hydraulic  pumping 
engine,  for  working  the  accumulator  for  the  hydraulic  power  required 
for  the  hauling  engine  of  No.  2  dock  and  the  capstans  and  sluice 
valves  of  both  docks,  was  supplied  by  Messrs.  Fullarton,  Hodgart  & 
Barclay,  Paisley.  The  sluices  v/ere  furnished  by  Messrs.  Easton  &  An- 
derson. 

All  the  three  engines  are  underground,  in  roomy,  white-glazed 
brick-lined  houses,  the  two  former  being  roofed  over  at  the  surface  by 
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rolled  beams  and  concrete,  and  furnished  with  Gonrlay's  prismatic 
lenses  for  lighting. 

The  author  has  no  information  as  to  when  ferry-boats  commenced 
to  ply  across  the  harbour,  but  they  have  now  become  an  important  means 
of  public  communication  between  the  north  and  the  south  sides  of  the 
city  and  suburbs.  The  Clyde  Trustees  have,  at  present,  10  cross- 
harbour  passenger  fexTy  steamers,  from  6  to  7i  H.  P.  nomitial,  licensed 
to  carry  from  93  to  110  passengers,  nine  of  them  having  fire  engines  on 
board,  for  the  service  of  the  four  cross-ferries  wdthin  the  limits  of  the 
harbour  and  for  the  two  across  the  river  below  the  harbour  at  Meadow- 
side  and  Whiteinch  respectively  ;  and  two  vehicular  and  passenger 
ferries  combined,  one  at  Finnieston,  about  the  center  of  the  harbour, 
and  the  other  at  Govan,  the  western  boundary  of  the  same. 

The  ferry  at  Govan  has  been  in  existence  for  many  years,  by  a  boat 
worked  by  hand-wheels  up  to  1867,  and  since  then  by  steam.  The  first 
steamer  was  of  15  H.  P.  nominal,  having  a  single  cart  and  carriage  way 
in  the  center,  accommodating  three  horses  and  carts  and  50  passengers, 
or  200  passengers  alone,  and  wrought  on  one  chain  stretched  across  the 
bottom  of  the  river. 

A  second  steamer  for  Govan  Ferry,  designed  by  the  author,  com- 
menced working  in  1875.  It  is  20  H.  P.  nominal,  has  two  cart  and 
carriage  ways,  one  on  each  side,  the  passengers  being  accommodated 
in  the  center;  carries  eight  horses  and  carts,  and  140  jiassengers,  or  500 
passengers  alone,  and  is  wrought  on  two  chains  across  the  river,  one 
on  the  inside  of  each  ca^t  and  carriage  way. 

A  vehicular  ferry  steamer  of  peculiar  construction,  designed  and 
built  by  Messrs.  "William  Simons  &  Co.,  Renfrew,  was  put  on  to  ply 
across  the  harbour  at  Finnieston  tw^o  and  a  half  years  ago,  its  main  fea- 
ture being  an  elevating  deck  which  is  raised  and  lowered  by  bevel  and 
worm  gearing,  so  that  at  any  state  cf  the  tide  the  deck  is  brought  to 
the  same  level  as  the  quay. 

The  vessel  has  four  screws  to  give  her  great  manoeuvering  facilities, 
is'80  ft.  long,  44  ft.  broad,  depth  amidships,  12  ft. ,  and  draft  amidships 
when  loaded,  9  J  feet.  The  hull  is  built  of  steel  and  the  decking  of  iron. 
It  is  divided  by  13  bulkheads,  five  of  them  transverse. 

The  elevating  deck,  which  is  78  ft.  long  by  32  ft.  broad,  when  in  its 
lowest  position  rests  on  the  iron  deck.  Nineteen  feet  of  the  width  i.s 
for  vehicles,  and  6  ft.  6  ins.  on  each  side  is  reserved  for  passengers. 
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Vertical  screws  of  forged  steel,  six  in  number,  three  on  each  side, 
7  ins.  in  diameter,  carry  the  elevating  deck  ;  and  are  supported  by 
six  columns  formed  of  two  box  girders,  one  on  each  side  of  each  screw, 
12  by  14  ins.,  channel  section,  placed  2  ft.  apart,  and  on  turning  the 
screws  by  bevel  gearing  the  elevating  deck  is  moved.  Each  of  the 
screws  works  in  a  manganese  bronze  casing,  bolted  between  the  two 
box  girders  forming  each  column,  and  placed  so  that  the  deck  may  rise 
14  ft.  The  columns  are  held  in  position  at  top  by  longitudinal  and 
transverse  steel  girders  of  I  section,  and  to  the  sides  of  the  vessel  by 
similar  girders;  and  on  the  top  of  the  former,  the  wheelhouse,  with 
steam  steering  gear  is  placed,  with  telegraphic  communication  to  the 
engine-room. 

The  machinery  for  propelling  the  vessel  and  for  operating  the  ele- 
vating deck  is  placed  in  one  compartment  in  the  center  of  the  vessel 
under  the  iron  deck,  while  at  either  side  is  a  boiler.  The  boilers  are 
horizontal  tubular,  7  ft.  in  diameter  by  7  ft.  6  ins.  long,  constructed 
of  Siemens-Martin  steel,  for  a  working  pressure  of  150  lbs.  to  the 
square  inch. 

There  are  three  horizontal  triple-expansion  engines,  all  of  the  same 
design  and  size.  Cylinders,  9  ins.,  14^  ins.  and  24  ins.  diameter, 
respectively,  with  a  piston  stroke  of  18  ins.  Two  of  the  engines  are 
placed  athwartship,  the  one  driving  the  line  of  shafting  running 
iore  and  aft,  and  operating  the  port  screws  at  both  ends  of  vessel, 
while  the  other  drives  the  shafting  for  the  starboard  screws.  The 
third  engine  is  placed  between  the  two  others,  and  lies  with  pistons 
working  in  a  fore-and-aft  plane,  driving  a  line  of  shafting  running 
athwartship  and  connected  through  spur  and  bevel  wheels  with  two 
lines  of  fore-and-aft  shafting  of  4i  ins.  diameter  wrought  steel,  geared 
on  the  respective  sides  to  each  of  the  vertical  screws  for  moving  the 
elevating  deck. 

The  vessel  accommodates  300  passengers  and  eight  loaded  carts  with 
horses,  or  700  passengers  alone,  and  works  across  the  river  between  a 
recess  on  the  north  side  and  two  dolphins  on  the  south  side,  and  has 
proved  a  perfect  success  in  every  way. 

The  Trustees  have  also  a  rowboat  ferry  across  the  mouth  of  the 
Kelvin  at  Govan. 

The  Renfrew  Burgh  authorities  maintain  a  steam  vehicular  ferry 
across  the  river  at  Renfrew,  and  Lord  Blantyre  one  at  Erskine. 
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The  number  of  passengers  conveyed  across  the  river  at  the  different 
ferries  belonging  to  the  Trustees  for  the  year  ended  June  30th,  1892, 
was  9  054  429,  and  of  vehicles  218  510,  and  the  gross  revenue  derived 
therefrom  amounted  to  £19  219  13s.  lOd.  The  charge  for  crossing 
is  one-half  penny  for  each  passenger,  but  18  single-journey  tickets  are 
sold  for  sixpence. 

In  April,  1884,  the  Clyde  Trustees  established  under  the  authority 
of  Parliament  a  service  of  passenger  steamers  called  Chdhas,  from  the 
word  Clutha,  the  Gaelic  name  of  the  Clyde,  to  ply  between  Victoria 
Bridge,  Glasgow  and  Whiteinch,  a  distance  of  3^  miles.  These 
steamers,  now  ten  in  number,  are  twin-screw,  from  74  to  102  ft.  long 
by  13  to  17  ft.  beam,  licensed  to  carry  from  235  to  360  passengers,  ply 
at  10-minute  intervals  between  these  jjoints,  and  call  at  various 
intermediate  stations  on  both  sides  of  the  harbour,  at  the  fare  of  one 
penny  for  the  whole  distance.  During  the  year  ended  June  30th, 
1892,  they  carried  2  949  661  passengers,  the  gross  revenue  from  which 
was  £12  373  lis.  9d. 

The  total  number  of  persons  in  the  exclusive  service  of  the  Trust, 
including  about  400  engaged  at  the  new  dock  and  other  new  works,  is 
1598. 

Having  now  given  a  somewhat  detailed  account  of  the  conversion 
of  the  river  into  a  navigable  water-way,  and  of  the  progi-ess  of  the 
harbour  up  to  date,  the  question  may  be  fairly  put,  "WTiat  about  the  cost? 
The  gross  total  expenditure  from  the  year  1770  till  June  30th,  1892, 
amounted  to  the  very  moderate  sum  of  £13  641  301  5s.  Od.  Included 
in  that  amount  is — 

£471  194  15s.     7d.  for  the  general  management,  officers'  salaries,  etc. 

£425  997    5s.     7d.  for  the  ground  annuals,  and  feu  duties. 

£299  174    8s.    Id.  for  taxes,  and 
£4  237  073    7s.  lid.  for  interest  on  borrowed  money. 

For  complete  details  as  to  the  total  expenditure,   see  Appendix  I. 

The  gross  revenue  from  July,  1752,  to  June  30th,  1892,  amounted 
to  £8  890  279  7s.  5d.     For  details  see  Appendix  II. 

The  total  debt  due  by  the  Trust  as  at  June  30th,  1892,  was 
£4  843  228  8s.  Od. 

To  show  the  nature  of  the  expenditure  and  revenue  for  a  year,  a 
detailed  abstract  of  each  of  these,  from  the  annual  accounts  of  the 
Trust  for  1892,  is  given  in  Appendices  III  and  IV. 
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While  in  1656,  Commissioner  Tucker  stated  that  there  were  only 
12  vessels  belonging  to  the  merchants  of  the  port,  three  of  150 
tons  each,  one  of  140,  two  of  100,  one  of  50.  three  of  30,  one  of  15,  and 
one  of  12,  none  of  which  came  up  to  the  town,  the  Board  of  Trade 
statistics  for  1891  show  Glasgow  to  be  the  third  largest  ship-owning 
port  of  the  Kingdom,  with  1  576  vessels  of  an  aggregate  tonnage  of 
1  316  809,  as  compared  with  Liverpool  with  2  307  vessels  of  1  994  903 
tons,  and  London  with  2  685  vessels  of  1  500  572  tons. 

Glasgow,  in  regard  to  entrances  and  clearances  of  vessels  to  and 
from  foreign  countries  and  British  possessions,  stands  sixth  in  the  list 
of  British  ports  with  2  303  vessels  of  2  657  057  tons,  being  surpassed 
by  London,  Liverpool,  Cardiff,  the  Tyne  ports,  and  Hull,  while  in 
regard  to  the  coasting  traffic  it  stands  fifth  with  16  271  vessels  of 
3  110  211  tons. 

Glasgow  is  the  birthplace  of  the  Allan  Line,  the  Anchor  Line,  the 
City  Line  and  the  Clan  Line,  of  first-class  steamers,  by  which  constant 
communication  is  kept  up  with  Canada,  the  United  States,  Africa,  and 
India  ;  while  the  famed  Burns  Line  of  mail  steamers  cross  nightly  to 
and  from  Belfast,  in  all  sorts  of  weather,  with  such  regularity  that 
the  town  clocks  of  Greenock  might  be  safely  set  by  their  arrival  and 
departure.  Aitken,  Lilburn  &  Co.  's  lines  of  sailing  shijjs  to  Melbourne 
and  Sydney  leave  nothing  to  be  desired.  Various  other  lines  maintain 
frequent  communication  with  other  colonial  and  foreign  ports,  while 
the  connections  with  the  English,  Irish  and  continental  ports  are 
numerous  and  regular.  Nowhere  can  such  a  fleet  of  handsome  and 
commodious  river  passenger  steamers  be  seen  as  on  the  Clyde  ;  the 
names  of  many  of  them  have  become  household  words  for  all  that  is 
luxurious  and  comfortable  in  pleasure  sailing. 

The  first  commerce  of  Glasgow  was  the  curing  and  exporting  of 
salmon  caught  in  the  river,  and  the  curing  and  exporting  of  herrings 
brought  by  wherries  from  the  West  Highlands.  The  union  of  England 
and  Scotland,  consummated  March  25th,  1707,  though  violently  op- 
posed and  leading  to  riots  of  a  serious  character,  yet  gave  to  the 
commerce  of  Glasgow  its  first  great  impetus.  The  opening  up  to  Scot- 
land of  trade  with  the  colonies  led  its  merchants  to  go  into  ship- 
owning  on  their  own  account  instead  of,  as  hitherto,  chartering  vessels 
from  the  port  of  Whitehaven  and  elsewhere  in  the  Northwest  of  Eng- 
land, and  ultimately  gave  them  the  largest  share  of  the  foreign  export 
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trade  ami  a  mouopoly  of  the  tobaceo  trade  of  the  Kiugdom;  so  that,  in 
the  year  1772,  out  of  90  000  hogsheads  of  tobacco  imported  into  Great 
Britain,  Ghisgow  alone  imported  49  000;  and  in  the  year  preceding 
that  of  the  American  XN'ur  of  Independence,  the  imports  into  the  Clyde 
were  57  143  hogsheads,  the  j)roperty  of  42  merchants  who  realized 
princely  fortunes. 

The  Declaration  of  Independence  changed  ail  this,  and  "  fresh 
woods  and  pastures  new  "  had  to  be  sought  tor.  Trade  with  the  East 
and  West  Indies  was  opened  up  and  cotton-spinning  started.  At  this 
time  the  vast  mineral  deposits  of  the  West  of  Scotland  still  lay  many 
fathoms  deep,  waiting  the  genius  of  James  Watt  to  supply  the  mighty 
power  to  bring  them  to  the  surface  and  to  raise  the  strong  blast  to 
fuse  them  into  iise.  The  power-loom,  introduced  into  Glasgow  in 
1773,  and  driven  by  a  large  Newfoundland  dog,  also  waited  his  master- 
hand,  which  was  at  length  so  well  applied  that  in  1846  the  consump- 
tion of  cotton  in  Scotland  was  119  225  bales,  the  greater  part  being 
absorbed  in  Glasgow. 

All  this  is  now  altered.  Little  tobacco  is  imported  direct,  and  the 
consumption  of  cotton  is  much  reduced;  but  in  place  of  these,  the  im- 
ports of  American  and  other  produce  in  their  infinite  variety  has 
largely  increased.  Glasgow  has  become  a  large  distributing  center  for 
the  Southwest  of  Scotland  and  the  North  of  England,  and  trade  in 
Spanish  and  other  ores  and  in  fi-uit  has  sprung  up  in  recent  years, 
which  has  more  than  made  up  for  the  loss  of  the  tobacco,  cotton 
and  tea. 

The  mineral  wealth  of  the  district  in  coal,  iron,  lime,  shale  oil,  etc., 
has  also  been  largely  developed;  and  the  making  and  exijorting  of  sugar 
machinery,  locomotives  and  wrought-iron  work  has  taken  such  deep 
root  in  Glasgow  and  neighbourhood  that  they  will  not  easily  be  dis- 
placed. The  Singer  Sewing  Machine  Comi^any,  too,  have,  within  the 
last  few  years,  completed  the  erection  of  large  sewing  machine  works 
on  the  north  side  of  the  Clyde,  about  6  miles  below  Glasgow,  which 
cover  46  acres  of  ground,  and  give  employment  to  several  thousands 
of  men,  women  and  childi'en. 

In  no  instance  have  nver  improvement  works  been  attended  with 
such  beneficent  results — commercial,  industrial  and  social — as  those 
of  the  Clyde,  which  has  in  recent  years  been  indeed  a  gold-producing 
stream. 
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For  the  year  ended  June  30th,  1892,  the  chief  exports  from  Glasgow- 
Harbour  were  : 

Tons 

Ale,  beer  and  porter 44  639 

Bale  and  box  goods 143  964 

Bricks 53  530 

Coal 1  267  699 

Coal  tar  17  651 

Coke 8  159 

Confections 6  617 

Earthenware 10  579 

Gas  coal  cinders 7  815 

Grain 15  908 

"     manufactured 49  656 

Iron  and  steel : 

Bar,  bolt,  rod  and  sheet 100  496 

Blooms 1  485 

Boilers 2  178 

Bolts,  nuts,  rivets  and  spikes 5  782 

Bridgework,  girders  and  roofing 7  189 

Castings 44  986 

Fencing 1  "26 

Fish  plates 383 

Galvanized 3  027 

Gas  and  water  pipes,  cast 66  411 

Ore 11  341 

Pig-iron 144  626 

Puddled  iron 2  385 

Bails 1  071 

Railway  sleepers,  Avrought 3  701 

Eailway  and  tramway  plant  and  material 2  780 

'  Scrap 33  457 

Tubing 14  381 

Tires  and  axles 692 

Machinery  and  machines 64  890 

Manure,  chemical , 26  701 

Oil— Scottish  shale 20  214 

Oils— all  other  kinds 8  641 


DEAS  ON  THE  RIVER  CLYDE  AND  GLASGOW  HARBOUR.      161 

Tons. 

Pitch 32  509 

Spirits  of  all  kinds 29  638 

Timber 16  272 

Animals: 

Horses,  ponies,  mules  and  asses 1  425 

Cattle 1  219 

Sheep 13  990 

Lambs 6  767 

For  the  same  year  the  chief  imports  were: 

Bale  and  box  goods 48  695 

Cake  feeding  of  all  kinds 12  577 

Cement 63  869 

Chalk 9  059 

Chrome  ore 16  091 

Clay,  china  and  stone 34  273 

Coal 5  171 

Cotton  seed 7  515 

Dyewood 6  420 

Fish 19  321 

Fruit 39  646 

Grain 362  960 

"     manufactured 206  012 

Hay 13  491 

Ice 12  892 

Iron  and  steel : 

Bar,  bolt,  rod  and  sheet 4  965 

Blooms 529 

Ferro-manganese 1  675 

Girders 1  796 

Ore 485  167 

Pig-iron 65  776 

Rails 2  600 

Scrap 16  774 

Linseed .  7  549 


162      DEAS  ON  THE  RIVER  CLYDE  AND  GLASGOW  HARBOUR. 

Tons. 

Nickel  ore  22  577 

Nitrate  of  soda 9  866 

Oils  of  all  kinds 24  851 

Potatoes G  614 

Provisions: 

Bacon  and  hams 14  155 

Beef,  mutton  and  pork 14  063 

Bread 126 

Butter 7  597 

Cheese  9  077 

Lard : 3  884 

Meats,  fresh 3  545 

' '         preserved 5  779 

Pvrites 52  662 

Bice  and  rice  flour 4  636 

Rosin  9  654 

Salt 19  837 

Sand 19  189 

Saap 4  087 

Spirits  of  all  kinds 13  454 

Stones 27  331 

Sugar 21  579 

Timber 137  819 

Tobacco 3  136 

Treacle 5  275 

Turpentine 3  794 

Wines  of  all  kinds 4  682 

Yarn 4  679 

Animals : 

Horses,  jjonies,  mules  and  asses 5  970 

Cattle 163  425 

Sheep 44  313 

Lambs 43  350 

The  total  exports  were  2  594  213  tons,  and  the  total  imports  2  302  604 
tons. 
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3.    KisE    AND    Progress    of    SHip-BxjrLDiNG    ox    the    River    and    its 

TRIBrTARIES. 

Of  tlie  uximeroiis  industries  that  flourish  on  the  banks  of  the  busy 
Clyde,  the  palm  must  be  given  to  ship-building  and  marine  engineer- 
ing. These,  as  much  as  its  commsrce,  have^  spread  its  fame  over  every 
portion  of  the  habitable  globe;  its  floating  palaces  traverse  every  sea. 
The  Clyde  took  the  lead  in  introducing  the  steamboat  to  the  Old 
World,  which  in  the  short  space  of  80  years,  has  revolutionized 
the  carrying  trade  of  the  world,  and  brought  about  that  commercial 
intercourse  between  nations  which  has  so  vastly  increased  the  comfort 
and  happiness  of  the  whole  hiiman  race.  The  application  of  James 
Watts'  inventions  to  steam  navigation  by  Patrick  Miller,  W^illiam 
Symington  and  Henry  Bell,  and  the  improvement  of  the  Clyde,  most 
singularly  coincided,  and  the  further  development  cf  both  still  go 
hand  in  hand. 

But  for  the  continuotis  deepening  of  the  river,  while  there  might 
possibly  have  been  a  Comet,  there  could  have  been  no  lona,  no 
Columha,  no  Lord  of  the  Isles,  no  Livadia,  with  its  153-ft.  beam,  no 
Umbria,  no  Etruria,  no  City  of  New  York,  no  City  (f  Paris,  no  Cam- 
pania, no  Liicania,  launched  from  its  banks  above  Dumbarton.  So  far, 
however,  ar;  depth  of  water  was  concerned,  ship-building  was  always 
possible  at  Dumbarton,  Port  Glasgow  and  Greenock. 

By  1839,  four  firms  had  established  ship-building  yards  at  Glasgow- 
within  the  limits  of  the  harbour:  Tod  &  Macgregor  and  Thomas  Win- 
gate  k  Co.  on  the  south  side,  the  latter  of  whom  engined  the  Sirius, 
built  at  Leith  in  1837,  the  first  British  steamer  to  cross  the  Atlantic, 
and  Eobert  Napier  and  Barclay  Curie  &  Co.,  on  the  north  side.  Some 
few  years  thereafter  two  additional  yards  were  established  on  the 
north  side  and  four  on  the  south  side.  All  the  yards  but  one  on  the 
north  side  and  all  but  three  on  the  south  side  have  been  forced  out 
of  the  harbour  by  the  ground  they  occupied  being  absorbed  for  quay 
extension. 

The  first  removal  was  in  1846,  to  the  west  bank  of  the  Kelvin  at  its 
junction  near  the  Clyde,  and  the  others  followed  as  necessity  required, 
one  to  the  south  side  of  the  river,  and  the  others  to  the  north  side  of 
the  river  at  WTiiteiuch,  opposite,  a  distance  of  Ij  miles  below  the  Kel- 
vin; and  another,  Messrs.  James  &  George  Thomson's,  to  Clydebank, 
on  the  north  side  of  the  river  below  Renfrew,  where  the  twin-screws 
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City  of  Neic  York  and  City  of  Paris  were  built  and  engined.  About 
30  years  ago,  a  new  yard  was  established  on  the  east  bank  of  the 
Kelvin,  at  its  junction  with  the  Clyde. 

Fully  23  years  ago,  Messrs.  John  Elder  &  Co.  established  on  tho 
fjouth  side  of  the  river  perhaps  the  most  extensive  jsrivate  ship-build- 
in^  yard  an  A  marine  engine  works  in  existence,  at  Fairfield,  Govan, 
now  the  proparfcy  of  the  Fairfield  Engineering  and  Ship-building  Com- 
pany, Limited,  where  the  twin-screws  Campania  and  LwcaMia  were  built 
and  engined.  About  15  years  ago  another  yard  was  laid  out  on  the 
north  bank  of  the  river  at  Clydebank. 

There  are  upwards  of  forty  ship-building  yards  in  what  may  be 
termed  the  Clyde  district.  One  yard  is  at  Eutherglen  three  miles 
above  Glasgow  Bridge,  where  have  been  built  many  of  the  beautiful 
steam  yachts  and  pleasure  steamers  which  jDly  on  our  English  lakes, 
on  our  Scottish  lochs  and  on  foreign  waters  ;  one  at  Blackhill  on  the 
Monkland  Canal,  one  at  Kirkintilloch  and  three  at  Maryhill  on  the 
Forth  and  Clyde  Canal,  five  within  the  limits  of  the  harbour;  one  at 
Patrick,  immediately  below  the  limits;  two  at  Govan,  three  at  White- 
inch,  two  at  Renfrew,  two  at  Clydebank,  four  at  Paisley,  one  at  Bowl- 
ing, five  at  Dumbarton,  seven  at  Port  Glasgow,  four  at  Greenock, 
and  the  remainder  at  Fairlie,  Ardrossan,  Troon  and  Ayr. 

Lloyd's  Ship-building  Returns  give  the  total  number  and  tonnage 
of  vessels  launched  in  the  United  Kingdom,  and  built  abroad,  during 
1892,  to  be— 

659  steamers,  vnih.  a  gross  tonnage  of 967  566 

392  sailing  ships,  of  a  gross  tonnage  of 390  479 

83  war  shijjs,  with  a  total  displacement  of 308  901  tons. 

a  total  of  1  134  vessels  and  1  666  946  tons,  of  which  were  built  in 
the  United  Kingdom — 

512  steamers,  with  a  gross  tonnage  of 841  356 

169  sailing  ships,  with  a  gross  tonnage  of 268  594 

30  war  ships,  with  a  total  displacement  of 151  157  tons. 

or  a  total  of  711  vessels  and  1  261  107  tons,  the  Clyde  taking  the 
lead  with  an  output  of — 

133  steamers,  -with  a  gross  tonnage  of 140  350 

81  sailing  ships,  with  a  gross  tonnage  of 159  002 

3  war  ships,  with  a  total  displacement  of 22  826  tons. 

or  a  total  of  217  vessels  and  322  178  tons. 
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The  Tyuc  distrii-t  is  next  with  a  total  of  101  vessels  of  219  936  ton: , 
followed  by  the  Wear  with  a  total  of  75  vessels  of  18G  440  tons,  and 
Middlesboro',  and  Stockton-on-Tees  with  4G  vesseb  of  103  725  tons. 

The  first  iron  vessel  built  in  Scotland  was  the  Vulcn",  by  Thomas 
Wilson,  at  Faskine  on  the  Monkland  Canal,  ubout  11  miles  from 
Glasgow.  It  was  launched  on  May  28th,  1818,  ami  until  within  the 
last  20  years  was  engaged  in  carrying  coal  from  the  Forth  and  Clyde 
Canal  to  ports  on  the  Clyde.  To  England,  however,  belongs  the  honor 
of  launching,  in  1821,  the  first  iron  steamer,  the  Aaron  Manby,  built 
at  Horsley. 

The  first  iron  steamer  built  on  the  Clyde  was  tlie  Aglain,  in  1827, 
for  passenger  traffic  on  Loch  Eck;  and  the  first  to  ply  on  the  Clyde 
was  the  Fairy  Queen,  built  at  the  Old  Basin  Foundry,  Glasgow,  about 
a  mile  and  a  half  from  the  river,  to  which  it  was  brought  bodily  and 
launched  in  1831. 

4.     Short  Description  op  Other  Harbours  ox  the  Ri\t:r. 

A  description  of  these  harbours,  to  do  them  justice,  would  require 
a  separate  i)aper,  written  by  one  with  more  local  and  special  knowledge 
of  them  than  the  author  possesses. 

Renfrew. — About  5  miles  below  Glasgow  Bridge  is  Renfrew.  A 
royal  burgh,  its  proximity  to  its  great  neighbour  has  over-shadowed 
it;  from  time  to  time  its  authorities  have  made  laudable  efibrts  to  give 
it  a  harbour,  but  have,  as  yet,  had  to  be  content  with  an  extension  of 
the  quayage  on  the  town  side  of  a  burn  called  the  Pudzeoch. 

Paisley. — Next  in  order  is  Paisley,  situate  on  the  River  Cart,  about 
3j  miles  from  the  junction  of  that  river  with  the  Clyde,  now  a  thriving 
thread-spinning,  corn-flour-producing,  shawl-manufacturing,  ship- 
building and  general  engineering  town.  It  allowed  Glasgow  to  take 
the  lead  in  river  improvement  and  in  former  years  got  more  than  one  Act 
of  Parliament  to  deepen,  straighten  and  widen  its  river  without  much 
good  result.  Under  an  act  passed  in  1885,  the  quayage  at  Paisley  has 
been  largely  extended,  and  the  river  is  being  deepened  to  18  ft.  below 
high  water  of  sj^ring  tides.  Financial  difficulties,  however,  have  for  the 
present  stopj)ed  the  completion  of  the  work. 

Bowling  Harbour. — This  harbour  comes  third,  and  is  about  11  miles 
below  Glasgow.  It  has  a  tidal  basin  of  12  acres,  the  joint  projjerty  of 
the  Clyde  Trustees  and  the  Caledonian  Railway  Company,  used  by  the 
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latter  in  connection  with  the  Forth  and  Clyde  Canal  of  which  they  are 
owners,  and  by  the  former  in  the  laying-up  for  the  winter  of  the  ex- 
tensive fleet  of  jjassenger  steamers  plying  in  summer  on  the  waters  of 
the  Clyde  and  adjoining  lochs.  Here,  side  by  side,  may  be  seen, 
dismantled  and  silent,  the  famous  lona,  Columba,  Lord  of  the  Isles, 
and  many  other  river  steamers,  which,  during  the  summer  months, 
are  crowded  with  tourists  from  all  jjarts  of  the  world,  who  view  Avith 
admiration  the  enchanting  scenery  of  the  Western  Highlands. 

Dumbarton. — The  present  authorities,  ins^jired  with  much  broader 
views  on  the  harbour  question  than  were  their  jiredecessors  of  1658,  in 
1881  carried  through  Parliament  a  bill  for  the  improvement  of  the 
Kiver  Leven,  and  the  providing  of  increased  quay  accommodation;  but 
beyond  some  deepening,  not  much  has  yet  been  done. 

Port  Glasgow. — The  old  harbours  were  acquired  by  the  municipal 
authorities  of  this  port  in  1864,  from  the  magistrates  of  Glasgow,  on 
payment  to  the  latter  of  5s.  per  pound  sterling  on  the  amount  of  the 
debt  on  them.  A  considerable  amount  of  iron  ore  is  discharged  there 
and  sent  to  the  various  iron  works  in  the  west  of  Scotland. 

The  harbour  accounts  for  the  year  ended  June  30th,  1892,  show  a 
gross  revenue  of  £4  813  3s.  6d.,  and  a  total  expenditure  of  £4  599,  of 
which  £2  652  15s.  were  paid  for  interest  on  borrowed  money.  The  total 
debt  of  the  Trust  is  £71  262  lis.  3d. 

Greenock. — Glasgow's  greatest  rival  and  ancient  superior,  and  the 
birthplace  of  James  Watt,  a  few  years  ago,  through  the  enterj^rise  of 
its  leading  men,  engaged  in  harbour  extension  of  an  important  charac- 
ter, chiefly  in  the  construction  of  the  James  Watt  Dock.  This  unfor- 
tunately led  to  a  serious  crippling  of  its  harbour  finances,  in  con- 
sequence of  the  shipping  trade  of  Glasgow  refraining  from  making  use 
of  the  accommodation  it  afforded.  The  aid  of  Parliament  had  to 
be  obtained  to  rearrange  the  harbour  debt,  and  it  is  gratifying  to  be  able 
to  say  that,  by  this  rearrangement,  and  the  gradual  development  of 
trade  in  the  district,  the  financial  jjosition  of  the  harbour  is  rapidly  im- 
jDroving.  The  gi'oss  revenue  for  the  year  ended  Sej^tember  5th,  1892, 
was  £64  667  16s.  6d.,  and  the  total  debt  £1  529  211  14s.  7d.  The  har- 
bour has  a  total  water  area  of  52  acres,  and  there  are  three  public  and 
two  private  graving  docks. 

The  Board  of  Trade  returns  for  1891  show  that  309  vessels,  of 
240  100  tons,  belong  to  Greenock;  that  the  entrances  and  clearances  of 
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vessels  to  ami  from  foreign  countries  and  from  British  possessions 
were  529  vessels  and  438  529  tons,  and  the  coasting  traffic  15  760  ves- 
sels of  2  950  434  tons. 

Sugar  importing  and  refining,  timber  importing,  and  ship-building 
and  marine  engineering,  form  the  staple  industries  of  the  town;  and 
the  ship-builders  and  marine  engineers  higher  up  the  river,  find  in  the 
ship-builders  and  engineers  of  the  to-svn  keen  and  often  successful 
competitors  in  the  obtaining  of  contracts. 

The  principal  imports   for  the   year   ended   September   5th,   1892, 
were — 

Coal 11  585  tons. 

Iron,  ore 33  935       " 

"     pig 8  540       " 

Lime 2  460 

Sand 6  859       " 

Sugar 149  667       " 

Timber,  pine  and  teak 101  568  loads. 

oak,  elm,  birch,  etc 17  608      " 

deals 12  037       " 

And  the  principal  exports  were — 

Coal 143  825    tons. 

Iron,  wrought 4  686       " 

"     pig 4  530 

Manure 3  793 

Sugar 84  795       " 

The  natural  Clyde  begins  at  Greenock,  where  the  artificial  Clyde 
ierminates,  and  the  panorama  thence  to  the  Atlantic  is  one  of  exquisite 
Taeauty,  and  must  be  seen  to  be  fully  appreciated;  the  serrated  peaks  of 
the  Argyleshire  Hills,  rising  in  their  sublimity  towards  heaven,  on 
the  north,  the  Island  of  Bute  and  the  two  Cumbraes  guarding  the 
entrance  from  the  sea,  while,  still  farther  seaward,  Goatfell  in  Arran 
rears  its  lofty  head  proudly  to  the  sky,  and  away  in  the  far  distance, 
stands  forth,  lonely  in  its  utter  isolation,  the  "  craggy  ocean  pyramid," 
Ailsa  Craig. 

The  numerous  watering  places,  with  their  infinite  variety  of  archi- 
tectural designs,  close-shaven  lawns  and  expanses  of  foliage,  which 
iringe  both  sides   of  the  estuary,    in   some    places   for   miles  contin- 
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ously;  the  innumerable  white-winged  yachts  skimming  its  surface  iu 
all  directions,  the  outward  or  inward  bound  Atlantic  liner  ploughing 
its  way  through  the  azure  waters,  the  full-sailed  Indiaman  gliding 
slowly  along,  and  ever  and  anon  the  swift  passenger  steamer,  dashing 
from  pier  to  pier,  make  during  the  summer  months  a  scene  which, 
once  gazed  upon,  can  never  be  forgot. 


CLYDE  NAVIGATION. 

Abstract  of  ToTAii  Expenditure  from  the  Year  1770  to  June  30th, 

1892. 

£.        s.   d. 

General  management,  officers'  salaries,  etc 171  191  15     7 

General   expenditure,    repairs   and    upkeep   of 

works,  damage  to  fishings,  etc 807  088  18     1 

Extraordinary  repairs,  Parliamentary   opposi- 
tion, etc 53  593   -3    0 

Crane  wages  and  repairs   137  916  17     9 

Ferries,  wages,  and  rei^airs  of  boats 298  018  17     1 

Ground  annuals  and  feu  duties 125  997     5     7 

Law  and  Parliamentary  expenses 96  676  13     8 

Police 76  982  17     7 

Ehones  and  planks  for  shij)i3ing 35  981  15     8 

"Water  supply  for  vessels 17  167     9     6 

Taxes ". 299  171    8     1 

Lighthouses  on  river 16  369  16    9 

Interest  on  borrowed  money 1  287  073     7  11 

Dredging  in  river  and  harbour.      Repairs  of  ma- 
chines, punts,  etc.,  including  new  machines, 

tugboats,  barges,  punts  and  machinery. ...  1  731  571  11     0 

Land  purchased  for  enlargement  of  harbour. . .  1  229  353  16    4 

Land  purchased  for  widening  river 178  289  11     6 

New  hall  and  offices  for  Trustees 12  850  15  11 

Acts  of  Parliament 72  568     5  11 

Construction  of  works,  harbour 1  223  245     1    3 

river 438  108  13    8 

Elderslie  rock 70  111    0    5 

Engineering  and  surveying 20  032  11  11 

Ballast ^ 1  203     0     2 

Kingston  Dock,  exclusive  of  land 81  544     5     4 

Dumbarton  exemptions 5  097     5     2. 
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£.       s.   d. 

Dalmuir  worksliops 28  718    4    G 

Harbour  workshops 1  817     9     3 

Steam  ferry-boats,  etc 37  878  17    0 

Harbour  passenger  steamers,  landing  stages,  etc.  33  771     2     0 

Swinging  buoys  in  Gareloch 1  154  14  10 

Measured  mile — Gareloch 34  19     1 

Harbour  tramways 42  212  14    3 

Swing  bridge  at  Kingston  Dock 12  793  19     2 

No.  1  graving  dock,  exclusive  of  land 134  867     9  11 

No.  2                "                  "             "           108  283    4    3 

No.  3                "                  "                 constructing  20  765     0     0 

Queen's  Dock,  exclusive  of  land 825  212     8  11 

Workmen's  houses  at  Dalmuir 15  328   18    0 

Gas-lighted  buoys  and  lightship 5  289     1     8 

Cessnock  Dock,  constructing 196  669  19  10 

Acts  of  Parliament 11774    2     9 

Quay  wall,  entrance,  Cessnock  Dock 13  880     5     1 

£13  641  301     5     0 


CLYDE  NAVIGATION. 
Statement  of  Gross  Eeventje  from  JuiiY,  1752,  to  June  30th,  1892. 


£ 

s. 

d. 

£. 

s.  d. 

From  July,  1752, 

1787 

1  975 

16  4 

to  Julv,  1770. . 

£147 

0 

10 

1788 

2  064 

5  9 

One  year  to  July, 

1789 

2  153 

15  6 

1771 

1  044 

10 

0 

1790 

2  239 

0  4 

1772 

1220 

1 

9 

1791 

3  175 

14  1 

1773 

1494 

1 

0 

1792 

2  739 

5  7 

1774 

1454 

4 

4 

1793 

2  840 

17  11 

1775 

402 

3 

8 

1794 

2  936 

14  11 

1776 

1984 

0 

7 

1795 

2  836 

5  9 

1777  

1397 

0 

7 

1796 

3  649 

14  4 

1778  

1733 

19 

5 

1797 

3  182 

6  0 

1779 

1540 

1 

8 

1798 

3  199 

1  6 

1780 

1515 

8 

4 

1799 

3  233 

18  3 

1781 

1721 

5 

8 

1800 

3  319 

16  1 

1782 

1420 

16 

8 

1801 

3  400 

10  9 

1783 

1450 

16 

8 

1802 

4  085 

15  11 

1784 

1  120 

0 

0 

1803  

4  640 

16  10 

1785 

3  256 

18 

10 

1804 

4  193 

7  7 

1786 

1980 

14 

10 

1805 

4  065 

10  5 
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£.       s.  d. 

1806 4  299  14  3  1850 64  243  14  11 

1807 5  000  5  9  1851 68  875  4  9 

1808  5  472  0  9  1852 76  077  9  4 

1809 5  407  9  8  1853 77  919  18  6 

1810 6  676  7  6  1854 86  580  5  11 

1811 4  755  3  8  1855 73  943  9  1 

1812 4  597  19  7  1856 74  995  7  9 

1813 5  169  13  9  1857 82  797  10  7 

1814 5  275  6  11  1858.. 78  783  17  6 

1815 5  902  2  8  1859 90  816  17  7 

1816 5  843  7  8  I860 97  983  18  1 

1817 7  028  0  7  1861 105  768  11  0 

1818 7  732  18  11  1862 Ill  493  10  2 

1819 7  386  2  10  1863 118  083  7  10 

1820 6  328  18  10  1864 121380  13  9 

1821 8  070  2  2  1865 121587  1111 

1822 7  984  3  8  1866 125  787  10  0 

1823  8  380  16  4  1867 131892  2  6 

1824 8  555  0  0  1868 143  840  17  3 

1825 8  367  11  7  1869 150  136  4  5 

1826 16  204  6  6  1870 164  093  2  10 


£. 

s. 

d. 

4  299 

14 

3 

5  000 

5 

9 

5  472 

0 

9 

5  407 

9 

8 

6  676 

7 

6 

4  755 

3 

8 

4  597 

19 

7 

5  169 

13 

9 

5  275 

6 

11 

5  902 

2 

8 

5  843 

7 

8 

7  028 

0 

7 

7  732 

18 

11 

7  386 

2 

10 

6  328 

18 

10 

8  070 

2 

2 

7  984 

3 

8 

8  380 

16 

4 

8  555 

0 

0 

8  367 

11 

7 

16  204 

6 

6 

14  316 

15 

9 

17  669 

14 

10 

20  194 

10 

4 

20  296 

18 

6 

18  932 

0 

7 

22  496 

0 

3 

21578 

5 

2 

22  859 

14 

10 

33  676  16 

3 

37  544 

5 

5 

37  644  16 

0 

39  030 

1 

0 

47  879 

11 

10 

46  536 

14 

0 

49  665 

15 

7 

40  678 

16 

8 

43  301 

2 

0 

41  286 

18 

8 

45  869 

10 

11 

51  198 

12 

2 

59  017 

2 

9 

60  621 

8 

1 

59  034 

14 

1 

1827 14  316  15  9  1871 164  188  18  7 

1828 17  669  14  10  1872 174  200  12  2 

1829 20  194  10  4  1873  182  906  15  2 

1830 20  296  18  6  1874 192  127  16  11 

1831 18  932  0  7  1875 196  326  18  10 

1832 22  496  0  3  1876 198  526  19  6 

1833 21578  5  2  1877 208  732  1  0 

1834 22  859  14  10  1878 217  100  0  3 

ia35 33  676  16  3  1879  21150111 

1836 37  544  5  5  1880 223  709  0 

1837 37  644  16  0  1881 248  06114  0 

1838 39  030  1  0  1882 264  549  8  3 

1839 47879  1110  1883 283  998  8  5 

1840 46  536  14  0  1884 291  182  4  11 

1841 49  665  15  7  1885 291658  4  11 

1842 40  678  16  8  1886 282  912  1  3 

1843  43  301  2  0  1887 287  933  17  9 

1844 41286  18  8  1888 311495  1  6 

1845 45  869  10  11  1889 331  492  18  9 

1846 51198  12  2  1890 356  202  11  3 

1847 59  017  2  9  1891 354  580  11 

1848 60  621  8  1  1892 369  226  6  5 

^^^^ u^vo-.^-*  X  £8  890  279  7  5 


DEAS  ON  THE  RIVER  CLYDE  AND  GLASGOW  HARBOUR.      171 

^A^i^jPEisriDiix:  III- 

CLYDE   NAVIGATION. 

X>ET AILED  Abstract  of  Expenditure  for  the  Year  ended  June  30th, 

1892. 

£        s.  d. 

General  management  and  office  expenses 12  037     0     2 

Harbour  expenses 22  032  18     9 

General  expenses 8  508  14     1 

Law  and  Parliamentary  expenses 1  178  13     8 

Sheds 595     3     8 

Taxes 19  500  12     8 

Lighthouses  on  river 196     1     7 

Dikes  and  beacons 1  433  13     7 

Graving  docks 2  470  14    9 

Cranes 5  405     2     5 

' '      coaling  and  mineral 7  832     3     4 

Ferries,  Harbour 10  451  17  10 

Govan 5  703  19  11 

Harlx)ur  passenger  steamers 10  946  15    4 

Planks  and  rhones 1  761  11     3 

Water 1  919  15    2 

"Weighing  machines 354  13    0 

Properties    490     9     1 

Dredging  account,  proportion  for  maintenance. . .  26  632     2  11 

Ground  annuals  and  feu  duties 13  070     9     9 

Interest  and  annuities 176  449    9    8 


£328  972     2     7 


£        s.  d. 
Surplus  revenue 40  254    3  10 


^^i^i^EHsriDiix:  i-v. 

CLYDE  NAVIGATION. 

Detailed  Abstract  of  Revenue  for  the  Year  ended  June  30th,  1892. 

£        s.  d. 

Tonnage  dues  on  vessels 79  473    2  O 

Dues  on  goods 201  022  11  9 

Rents  for  timber  yards  and  offices ...    2  924     1  9 

Quay  rents 215    8  0 
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£.       s.  d. 

Harbour  tramways 1  539  15  2 

Lower  stages  of  river 1  952  12  2 

Miscellaneous 1  838    4  6 

Graving  docks 11  458     6  2 

Crane  dues 9  265    5  2 

Coaling  and  mineral  cranes 10  663     4  4 

Ferries,  Harbour 13  132  12  0 

Govan 6  087     110 

Harbour  passenger  steamers 12  373  11  9 

Planks  and  rhones 1  096  13  1 

Water 5  495  10  1 

Weighing 1  614  16  4 

Rents 7  536  13  9 

Funded  debt  premiums 1  536  16  7 


£369  226    6    5 
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DESCRIPTION    OF    THE    LOWER    WESER    AND 
ITS    IMPROVExMENT. 


Bv  L.  Feanzius,  Ober-Bau-Director,  at  Bremen,  Germany. 


Translated  from  the  German  by  T.  H.  McCann,  M.  Am.  Soc.  C.  E., 

assisted    by   Axbert    Beyek,    Chairman    of    the    Architectural 

Branch  of  the  German  Technical  Society  of  New  York. 


Prepared   for  the   Iiiternational    Engineering-  Congress  of   the 
Columbian  Exposition,  1893. 


I.  Genekal  Hydkogeaphical  Desceiption  of  the  Eivee  Wesee,  in  Pae- 

TICUIiAE  PeIOK  to  THE  COMMENCEMENT  OF  THE  ImPEOVEMENT. 

The  Eiver  Werra  flowing  from  the  Thiiringer  forests,  and  the  River 
Fiilda  flowing  from  the  Vogelsgebirge  and  the  Rhon,  unite  at  Miindeu, 
forming  there  the  River  Weser.  From  Miinden  to  Bremen,  a  distance  of 
366  km. ,  the  river  is  called  the  Upper  Weser,  and  for  a  distance  of  69 
km.,  extending  from  Bremen  to  Bremerhaven,  the  LoAver  Weser.    The 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
■will  be  published  simultaneously  in  the  number  for  December,  1893. 
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effluent  of  the  river  to  the  oj^en  sea  jirojier,  for  a  distance  of  about  59 
km.,  is  called  the  Outer  Weser.  The  first  stretch  has  about  41  600  sq. 
km.,  and  the  last  two  have,  besides,  about  6  600  sq.  km.  of  drainage 
area.  About  27  500  sq.  km.  of  the  fii*st  area  embraces  mountainous 
and  steep  hilly  land,  so  that  duriug  freshets  the  rise  in  the  river  is 
very  rajiid  and  considerable.  The  average  descent  of  the  upper  45 
km.  is  as  follows:  from  Miinden  to  Karlshafen,  1  :  2100;  at  rapids, 
however,  it  is  1  :  300.  In  the  second  stretch  of  160  km.,  from  Karls- 
hafen to  IVIinden,  interruj^ted  by  slack  water,  caused  by  a  dam  at 
Hameln,  it  is  1  :  3  000;  in  the  last  161  km.,  from  Minden  to  Bremen, 
it  decreases  from  1  :  4000  to  1  :  6  500. 

The  mean  annual  water-mark  at  Miinden  lies  114.6  m.,  and  that  at 
Minden,  35.3  m.,  above  the  corresponding  water  datum  at  Bremen, 
which  was  established  from  observations  taken  during  the  years  1870 
to  1879,  and  was  found  to  read  on  the  principal  gauge  at  Bremen  0. 714 
m.,  as  shown  in  Table  No.  2.  The  volume,  the  corresijonding  water 
levels  and  the  velocities  of  the  upper  river  are  given  in  Table  No.  3. 

TABLE  No.  2. 

CoMPAKISONS      OF     UpPKR-WaTER     KeADINGS     ON     THE     GaUGE     AT     THE 

Gkand  Bridge  at  Bremen. 


Yeabs. 

Mean  Annual 

Water-Mark. 

Meters. 

Teaks. 

Mean   Annual 

Water-Mark. 

Meters. 

1870 

40.96 
41.30 
40.58 
40.36 
—0.13 
40  42 
40.82 
40.86 
40.86 
41.11 
40.96 
40.77 

1882 

40.69 
40.38 
40.56 
40.23 
40.06 
—11.17 

1871 

1883 

1872 

1884 

1873 

1885 

1874 

1886 

1875 

1887 

1876 

1888 

40.43 
40.16 
4U.U9 
40.24 
—0.52 

1877     

1889 

1878 

1890 

1879 

1891 

1880 

1892 

1881 

7.14 
0.714 

3.90 

0.30 

Comparing,  first,  the  water  surfaces,  there  can  be  estimated  for  the 
Upper  Weser  between  Munden  and  Bremen,  within  shore  lines,  about 
3  300  hectares  (8  154.63  acres),  that  of  the  Lower  "Weser  from  Bremen 
to  Bremerhaven  at  about  6  600  hectares  (16  309.26  acres),  and  that  of 
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Designation  of  the 
profile  by  places. 

Wat. 
W.C1 
aectfition 

m.  t 
m. 
E. 

Of  the— 

Mean-water  volume 

per  second. 

Cross-section  and 

velocity  per  second. 

Mean-water 
volume  per 

second. 
Cross-sectioD 
and  velocity 
per  second. 

FU 

>dB. 

Ebb. 
Seconds. 

Flood. 

Ebb. 

during  a 
whole  tide. 

- 

296 
320 

0.92 
296 
386 

0.76 
296 
406 

0.73 
297 
418 

0.71 
297 
560 

0..52 
485 

1230 

0.40 

1713 

3  230 

0.63 

6  137 

7  890 
0.78 

48  983 

130  400 

0.38 

296 

1.  Habenhansen 

44  700 

0  92 



296 

(Grand  Bridge) 

44  700 

386 

0.76 



296 

(Safety  Harbor) 

44  700 

406 

0.73 

297 

4.  Hasenbttren 

44  700 

418 

0.71 

297 

5.  Vegesack 

44  700 

'560 

0.52 

32  700 

400 

inn 

i44 

6.  Farge ■ 

1  230 

1220 

0.33 

0.12 

27  600 

1  800 

V- 

1933 


7    Brake 

■^ 

3  900 

4830 

0.46 

. 

0.40 



24  900 

6  400 

inn 

6  678 

9  700 

11500 

0.66 

0.68 

22  620 

49  300 

'^Im" 

49  692 

9.  Kothesand  Lighthouse.  ■ 

)..  .. 

136  300 

140  900 

0.36 

.... 



0.35 

Bemares. — Th'tijg  numbers  giving  the  water  yolumea. 
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Designation  of  the 
profile  by  places. 

Water  volume 
W.cTi.m.cross- 
sectiou  F.  eq. 
m.  Telocity  v. 
m. 

E.  =Ebb. 

FU  =  Flood. 

I.  Flood  at  Bremerhaven— hours  I 
at  Bremerhaven. 

efore  hi 
2 

gh  water 

II. 

Ebb  at  Bremerhaven— hours  after  high  water  at 
Bremerhaven. 

Total  amount  of  the 

water  volume  in  cubic 

meters  during— 

Duration 

of  the— 

Mean-water  volume 

per  pecond. 
Cross-section  and 
velocity  per  second. 

Mean-water 
volnme  per 

second. 
Cross-section 
and  velocity 
p^r  second, 
during  a 
whole  tide. 

5" 

6 

4 

3 

1 

1 

2 

3 

4 

6 

6 

6S8 

Flood. 

Ebb. 

Flood. 

Ebb. 

Flood. 

Ebb. 

( 

W) 

F.  j  E. 

W. 

F.     E. 

W.l 
F.  1  E. 

W.. 
F.JE. 

W.) 

F.  1  E. 

^•lli. 

Mil. 

-■}ii. 
M^. 
w-j^i. 
^■!li. 
^■\k 

-•ill, 
v.}li. 

320 
296 

0  92 
296 
386 

0.76 
296 
406 

0.73 
304 
420 

0.73 
326 
666 

0.68 
492 

320 
290 

0.92 
296 
386 

0.76 
297 
406 

0.73 
308 
416 

0.74 
333 
642 

0.62 
600 

296 
320 

0.92 
296 
386 

0  76 
297 
406 

0.73 
306 
412 

0.74 
326 
619 

0.62 
411 

296 
320 

0.92 
2915 
386 

0.76 
296 
406 

0.73 
300 
408 

0  74 
312 
496 

0.63 
201 

296 
320 

0.92 
296 
386 

0.76 
296 
406 

0  73 
296 
404 

0.74 
304 
473 

0.64 

296 
320 

0.92 
296 
386 

0.76 
296 
406 

0.78 
300 
400 

0.75 
272 
460 

0.60 

296 
320 

0.92 
296 
386 

0.76 
296 
406 

0.73 
289 
412 

0.70 
176 
627 

0.33 

296 
320 

0  92 
296 
386 

0.76 
296 
406 

0  73 
274 
424 

0.66 
199 
604 

0.3 

290 
320 

0.92 
296 
386 

0.76 
294 
406 

0.73 
276 
436 

0.63 
293 
660 

0.43 
670 

296 
320 

0.92 
296 
386 

0.76 
294 
406 

0.73 
294 
432 

0.68 
329 
657 

0  60 
652 

296 
320 

0.92 
296 
386 

0.76 
296 
106 

0.73 
307 
128 

0.70 
312 
634 

0.51 
625 

296 
320 

0.92 
296 
380 

0.76 
297 
106 

0.73 
305 
121 

0.72 
331 
611 

0.61 
691 

296 
320 

0.9J 
296 
386 

0.76 
298 
106 

0.73 
307 
120 

0.73 
333 
588 

0.57 
686 

13  231  200 

1   13  231200 

13  231100 

13  269  800 

1   13  262  800 
15  866  700 

Seconds. 

Seconds. 

296 
320 

0.92 
296 
386 

0.76 
296 
406 

0.73 
297 
418 

0.71 
297 
560 

0.52 
485 

1230 

0.40 

1713 

3  230 

0.63 

6  137 

7  890 
0.78 

48  983 

130  400 

0.38 

14  700 

320 

I 

(Grand  Bridge)           ) 

41766 

( 

296 

41700 

( 

297 



11700 

o.  Vegesack 

41700 

32  700 

400 

124 

282 

68 

1  7j2  800 

12  000 

Hi 

iois 

912 

806 

700 

1664 

1648 

1626 

1220 

1124 

1  230 

965 
0.14 
0  05 

1230 

1496 

1760 

1220 

0,48 

0.65 

0.65 

0  29 

0.36 

0.12 

0.17 

0.19 

0.62 

0.33 

0.10 

0.19 

0.03 
828 

0.11 

1402 
' 2  624' ' 

1066 

If.  45  M) 
2  100 

64ir, 

1495 

2  614 

2  671 

2  126 

1790 

1703 

17  272  900 

' '  17  ioo' ' 

27  600 

1800 

1764 

2  256 

2  307 

1735 

33  056  100 

1933 

5  068 

1641 

4  220 

3  796 

3  372 

2  918 

3  900 

3  054 
0.01 
0.49 

4  008 

4  962 

6  714 

5  492 

.  - 

4  830 

0  56 

0.61 

0.16 

0.67 

0.61 

0.66 

0.65 

0.67 

0.16 

0.94 

0.45 

0.40 

0.30 
306„ 
5  094j„ 

0.40 

191 3  T 
jol  ^'S 

6  629 

10  324 

9  243 

7  669 

6  663 

3  830 

■  126  223  800 

119  133  600 

21300 

6100 

2  569 

10  223 

8  656 

8  013 

6  266 

6  678 

10  970 

10  066 

9  112 

8  228 

7  314 

6160 

9  700 

0.03 
0  19 

0  03 
0.43 

o.eb' ' 

I'bV  ■ 

"i'.oi" 

"0.92"' 

"077" 

"0.60  " 

:::::;:::::: 



0.66 

0.33 

1,13 

0.84 

0.70 

0.50 

0.63 

"ahii" 

f 

1 108  000  000 

32  620 

49  300 

1  095  000  009 

22  080 

1 

136  300 

■■     1 

140  900 

0.36 

0.35 

..  .    .      1 

Remabks.— These  certain  hours  during  which,  for  a  time,  ebb  as  well  as  flood  existed,  are  marked  by  the  small  numbers  which  indicate  minutes  (')  aiid  follow  or  precede  the  numbers  giving  the  water  volnmei. 
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the  lowest,  a  tide  funnel  extending  from  Bremerhaven  to  the  mouth 
projier,  at  53  000  hectares  (130  968.30  acres).  The  water  surface  of  the 
tidal  section  therefore  exceeds  considerably  that  of  the  upj^er  river,  the 
area  of  which,  including  its  tributaries,  may  be  estimated  at  from  6  000 
to  7000  hectares  (14  826  to  17  297  acres).  The  volume  of  water  mov- 
ing in  the  tidal  section  exceeds  to  a  tar  greater  extent  that  which  occurs 
in  the  ui^jjer  river.  For  a  mean  volume  of  150  cu.  m.  per  second  of 
summer  flow  at  Bremen,  there  are  at  Bremerhaven,  6  400  cu.  m.  per 
second  which  form  the  mean  volume  of  a  whole  tide,  and  at  the 
mouth,  56  000  cu.  m. 

The  greatest  flow  of  the  upper  river  water,  w'hich  amounts  at  Bre- 
men to  about  4  000  cu.  m. ,  is  opposed,  however,  at  Bremerhaven,  when 
the  flood  tide  is  1.5  m.  above  the  ordinary  high  water-mark,  by  a  mean 
volume  of  12  000  cu.  m.,  and  at  the  mouth  by  at  least  100  000  cu.  m. 
If,  instead  of  the  mean  movement  in  the  tidal  section,  we  consider 
the  maximum  movement  at  half  ebb  and  flood  tide,  then  these  figures 
will  be  nearly  doubled.  In  accordance  with  these  conditions,  the  in- 
fluence of  the  upper  water  ceases  to  be  felt  at  Brake. 

As  already  stated,  the  arithmetical  mean  of  the  daily  readings  of 
the  river  gauge  at  Bremen  was  obtained  from  observations  taken  dur- 
ing the  10  years  between  1870  and  1879,  and  was  established  as  0. 714  m. 
on  the  principal  gauge  at  Bremen.  A  higher  level  than  0.714  m. 
occurred  on  an  average  during  these  10  years  on  147.6  days,  and  a 
lower  level  on  217.6  days  per  year. 

The  water  level  stood  at  nearly  uniform  elevation  in  Bremen  for 
a  considerable  length  of  time,  since  during  82.4  days  it  ranged  from 
— 0.5  to  0,  and  for  77.5  days  from  0  to  0.5  annually.  The  so-called  nor- 
mal or  ordinary  level,  which  the  water  in  any  year  was  as  often  above 
as  below,  was  0.5  m.  The  duration  of  high  upj^er  river  water  rapidly 
decreases  with  its  height,  so  that  a  reading  of  4  m.  occurred  only 
during  1.9  days  in  a  year.  It  is  again  emphasized  that  since  the  im- 
provements of  the  Lower  Weser  have  been  commenced,  all  the  water 
levels  at  Bremen  show  a  lowering,  as  compared  with  earlier  observa- 
tions. As  the  imj)rovements  have  not  yet  been  completed,  the  old 
conditions  are  used  as  the  basis  for  the  purposes  of  this  paper. 

Aside  from  these  changes,  it  is  only  in  the  upper  part  of  the  tidal 
section  that  the  influence  of  the  upper  water  is  appreciably  perceptible, 
and  it  is  also  observed  that  near  the  tide  limits  at  Bremen  the  effect 
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of  the  upper  water  depends  mostly  on  the  mean  annual  water  level, 
while  the  separate  tidal  phenomena  in  the  upper  part  of  the  tidal 
section  can  best  be  recognized  at  lowest  water.  Thus,  while  before 
the  improvement  the  water  level  stood  at  0  at  Bremen,  during  the 
half  year  comj^rising  the  summer  months  the  mean  high-tide  reading- 
was  0.15  m. ;  whereas,  during  1892,  after  the  summer  water  level  had 
in  the  mean  time  lowered  to  — 1.06  m.,  the  mean  high-tide  reading 
Avas  0.69  m.  Formerly  the  ordinary  tide  limit  was  a  little  above 
Bremen;  since  the  improvement,  however,  it  has  moved  uj)  stream 
aboiit  7  km.,  and  will  probably  advance  still  farther  up. 

Table  No.  2  shows  that  the  mean-water  level  at  and  above  Bremen, 
from  1880  to  1891,  was,  on  an  average,  lower  than  during  the  period 
from  1870  to  1879.  The  mean  annual  water  level  w^as  particularly  low 
in  the  years  1886,  1887  and  1890. 

A  solid  ice  crust,  which  does  not  occur  at  Bremen  every  year  be- 
cause of  the  nearness  of  the  sea,  and  which  rarely  extends  farther  down 
stream  than  Brake,  hinders  the  tide  movement  in  the  upper  tidal 
section  ;  on  the  other  hand,  high  tides  w^ill  break  up  any  ice  crust 
below  Vegesack  and  cause  it  to  be  carried  down  stream. 

Of  all  the  matter  brought  down  from  above  to  the  beginning  of  the 
tidal  section,  the  finer  material  settles  only  in  the  lower  jjortions 
thereof,  in  branches  and  protected  bays,  along  with  the  silt  which  is 
washed  up  stream  from  the  sea,  while  the  coarser  sand  and  gravel  settle 
sooner  in  many  j^laces,  principally  in  the  stretch  between  Farge  and 
Brake.  Large  gravel  is  deposited  only  in  deep  channels  where  the 
strongest  currents  i^revail. 

For  a  full  understanding  of  the  action  of  the  tide  wave  in  the 
Lower  Weser,  it  must  be  observed  from  the  sea.  If  the  directions 
of  the  Jade,  Weser  and  Elbe,  at  theii*  lowest  parts,  where  they  dis- 
charge into  the  sea,  were  produced,  they  would  meet  at  a  very  sharp 
angle  at  Helgoland  (see  Plate  I).  It  is  possible  to  follow  their  beds 
and  still  more  so  their  currents  to  w'ithin  30  to  40  km.  of  Helgo- 
land. The  tide  waves  of  the  North  Sea  approach  Helgoland,  and 
hence  also  the  confluence  of  these  external  river  currents,  from  a 
northwesterly  direction;  therefore  the  same  tide  Avave  throws  one  part 
into  the  Weser  and  the  immediate  adjoining  part  into  the  Jade  and 
into  the  Elbe,  so  that  in  relation  to  the  tide  these  rivers  can  be  con- 
sidered as  branches  of  one  tri;nk. 
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It  is  highly  interesting  to  note  that,  based  upon  a  number  of  tide 
curves  for  the  year  1889,  at  Helgoland  a  mean  tide  difference  of  only 
1.84  m.  was  found  to  occur;  whereas,  according  to  the  Hydrographic 
Bureau,  such  difference  is  3.1  m.  at  Cuxhaven,  3.3  m.  at  Bremerhaven, 
and  even  3.8  m.  at  Wilhelmshaven.  It  must  be  observed  that  on 
account  of  the  comparatively  short  period  during  which  careful  measure- 
ments have  been  taken,  particularly  with  self-registering  gauges,  all 
these  statements  are  not  to  be  regarded  as  exact.  These  great  differ- 
ences can  be  explained  by  allowing  for  the  jjosition  of  the  observation 
jjoints,  and  the  variation  in  the  shape  of  the  river  mouths.  Cuxhaven 
being  the  most  seaward,  lying  on  the  extreme  border  of  the  tide  funnel, 
and  ha^'ing  the  longest  river  behind  it,  of  course  receives  the  least  ob- 
structed tide  wave.  More  favorable  conditions  for  heavy  piling  up  of 
the  tide  exist  at  Bremerhaven  and  even  more  so  at  Wilhelmshaven. 

While  Helgoland  (see  Plate  I)  is  virtually  free  on  all  sides,  a 
marked  funnel  formation  is  noticeable  at  the  first  point  of  observation, 
lying  39  km.  landwards,  which  is  the  lighthouse  on  the  "Eothen- 
sand,"  near  the  mouth  of  the  Weser;  the  action,  however,  affects  only 
sand  bars  lying  deep  under  low-water  level,  and  for  this  reason  the 
tide  gains  0.84  m.  in  range  from  Helgoland  to  that  j^oint,  that  is, 
changing  from  1.84  to  2.68  m. 

From  Rothensaud  lighthouse,  for  a  farther  distance  of  45  km. 
landwards  to  Bremerhaven,  where,  as  previously  stated,  a  tide  differ- 
ence of  3.3  m.  is  found,  another  increase  of  0.62  m.  in  tide  elevation 
takes  place.  The  difference  in  harbor  time  of  the  last  two  places  is 
one  hour  and  twenty-eight  minutes,  from  Avhich  is  deduced  a  velocity 
for  the  high-tide  crest  of  8.52  m.  per  second. 

At  Bremerhaven  the  tide  elevation  reaches  its  maximum,  while  it 
gradually  decreases  up  stream  because  of  still  existing  irregularities  of 
the  river-bed,  and  disapjiears  entirely  about  7  km.  above  Bremen.  It 
is  evident  that  with  the  advancing  improvements  all  tide  conditions 
above  Bremerhaven  must  change,  and  upon  this  depends  the  success 
and  the  permanence  of  the  improvement  works.  The  low-water  sur- 
face, especially  of  the  upper  stretch,  will  be  considerably  lower;  for 
instance,  at  Vegesack  it  will  be  lowered  about  1  m. ,  while  high- water 
level  will  be  changed  very  little.  At  the  same  time  the  progressive 
velocity  of  the  tide  wave  will  increase  materially,  so  that  the  increased 
space  contained  between  high  and  low  Avater  will  be  more  quickly 


FRANZIUS  ON  LOWER  WESER  AND  ITS  IMPROVEMENT.      179 

filled  by  tlu>  ui)-niuiiiug  tide  wave.  This  iuerease  is  clearly  shown 
by  the  hourly  water-level  curves  noted  before  and  after  the  improve- 
ments were  made  (see  Plate  IV). 

II.    Princ^iples  Underlying   the   Improvements  Projected  by 
THE  Writer. 

The  object  of  the  improvement  of  the  Lower  Weser  is  the  making 
of  a  uniform  and  deep  channel  in  the  entire  upper  tide  basin  above 
Bremei'haven,  and  the  maintenance  of  the  ci'eated  conditions  by  means 
of  the  increased  and  regulated  current  power,  and  with  little  other 
assistance.  The  means  to  accomplish  this  object  is  the  formation  of 
a  regular  river-bed,  gradually  narrowing  up  stream  in  accordance  with 
positive  laws,  so  as  to  impede  as  little  as  possible  the  free  movement 
of  the  water. 

To  gain  this  it  is  necessary  to  do  away  with  all  sharjj  bends  and 
irregularities  of  the  channel,  and  especially  all  breaking  or  splitting  of 
the  stream,  as  these  always  oppose  the  movement  of  the  Avater.  In 
order  to  fix.  the  bed,  no  jirojecting  works,  such  as  groins  or  dikes, 
should  be  constructed,  as  they  unavoidably  set  back  the  water  up 
stream. 

Although  the  back-water  or  rise  produced  by  a  single  groin  is  small, 
yet,  by  adding  a  larger  number  of  these,  it  attains  a  considerable  mag- 
nitude. Such  back-water  is,  however,  equivalent  to  a  corresponding  de- 
crease of  flood-tide  volume,  and  tends  to  weaken  the  effect  of  the  tide 
Avave  in  that  particular  neighborhood.  The  less  impeded  the  tide 
wave  is  at  every  point,  the  larger  will  be  the  water  volume  flowing 
up  stream  with  the  flood  tide,  and  in  like  manner  the  current  jJOAver 
will  be  increased  as  well  with  the  incoming  tide  as  with  the  deeper 
outgoing  ebb. 

The  increase  of  current  power  is  proportional  to  — ^ — ,  that  is,  it 

is  proportional  to  one-half  the  product  of  the  water  mass  into 
the  square  of  the  velocity;  and  this  increase  must  be  considei-ed  as 
the  most  important  principle  in  the  imi^rovement  of  a  river's  tidal 
channel,  for  with  it  the  ability  of  a  river  to  move  sediment,  and  hence 
its  power  to  deepen  and  maintain  its  bed,  also  increases. 

It  was  upon  these  jjrinciples  that  the  project  for  the  improvement 
of  the  Lower  Weser  was  based.     In  the  first  place,  it  was  necessai'y  to 
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lix  the  conditions  as  tliev  actually  existed  before  the  commencement 
of  the  improvement.  To  this  end  all  bottom  contours,  which  had 
been  obtained  from  carefully  made  soundings,  were  plotted  on  exist- 
ing maps  to  a  scale  of  1  : 4  000  and  at  1  m.  apart.  Further,  the  water 
surface  for  every  hour  was  plotted  in  profile,  as  it  was  obtained  from 
the  graphical  records  of  the  existing  self -registering  gauges,  thus  ob- 
taining the  so-called  tide  curves. 

By  means  of  the  distance  between  these  water- surf  ace  curves  and 
the  corresj^onding  areas  of  the  water  surface,  the  volumes  of  water 
passing  hourly  a  given  jjoint  of  observation  were  computed,  and 
from  the  volumes  and  the  corresponding  cross-sections  the  mean 
velocities  for  the  stated  intervals  of  time  were  determined.  The 
volumes,  cross-sections  and  velocities  at  each  gauge  station  were  then 
graphically  plotted,  and  from  these  idiots  mean  values  were  obtained. 

In  this  way  the  imijoi-tant  actual  conditions  which  existed  prior  to 
the  commencement  of  the  works  were  ascertained,  and  by  their  use 
the  analogous  A-alues  which  might  be  expected  to  follow  the  improve- 
ments were  determined  in  a  speculative  way.  To  do  this,  however, 
it  was  necessary,  in  the  first  j)lace,  to  decide  upon  the  mean  high  and 
low  water  lines  which  could  be  expected  after  the  completion  of  the 
improvement.  These  were  fixed  by  carefully  considering  all  possible 
influences,  as  well  as  by  preliminary  computations  and  estimates,  and 
then  making  them  the  basis  of  future  calculations.  The  high  water- 
line  showed  only  an  insignificant  rise  at  the  upper  end  of  the  stretch 
propo.sed  to  be  improved,  while  the  low  water-line  showed  a  con- 
siderable lowering  in  spite  of  the  fact  that  the  most  favorable  assump- 
tions were  studiously  avoided. 

The  approximate  form  of  the  future  river-bed  having  thus  been  de- 
cided upon,  the  entire  tide  intervals  of  the  different  jioints,  as  obtained 
from  the  high  and  low  water-lines,  were  di%-ided  into  an  equal  number  of 
parts.  From  the  flood-tide  curve  for  Bremerhaven,  for  which  only  an 
insignificant  change  was  presumed  to  result  from  the  improvements 
and  from  the  progressive  velocities  (calculated  by  Green's  formula 
G  =^  y/  1  g  t)  of  different  points  of  the  ascending  half  of  the  tide 
wave,  the  time  changes  for  the  corresjjonding  subdivisions  of  the 
tide  curves  of  the  different  points  as  compared  with  Bremerhaven 
were  ascertained,  and,  therefore,  also  the  absolute  times  of  the  water 
levels  corresponding  to  those  subdivisions,  so  that  the  ascending  half 
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of  the  tide  wave  coiihl  be  plotted  through  these  points.  In  order  to 
a.scertain  also  the  descending  half  of  the  tide  ciirves,  there  were  selected 
out  of  a  large  number  of  actually  measured  tide  curves  those  which 
showed  in  their  ascending  halves  the  greatest  conformity  with  the 
newly  i)lotted  flood-tide  curves,  and  from  these  tlie  still  unknown 
ebb-tide  curves  were  then  taken. 

The  next  step  taken  was  the  fixing  of  the  water-surface  curves  of 
the  newly  determined  volumes  and  velocities.  By  means  of  diagrams, 
comparisons  and  the  calculated  surface  slope  of  the  future  low  water, 
both  the  assumed  low  water-line  and  the  assumed  form  of  the  channel 
Avere  modified  until  a  satisfactory  agreement  of  all  results  was  finally 
obtained. 

Particular  value  was  placed  on  the  proper  development  of  the 
cross-sections.  The  latter,  as  shown  on  Plate  III,  Fig.  2,  consist  of 
two  parts  which  differ  materially,  viz.,  the  deep  central  part,  which 
forms  the  low-water  channel  and  serves  as  the  navigable  water-way, 
and  the  shallow  side  parts,  the  bottoms  of  which  are  about  on  a  level 
with  the  loAv  water-line.  While  the  last-mentioned  i)arts  are  caj^able 
of  containing  a  large  volume  of  water,  the  velocity  therein  will  be 
insignificant  on  account  of  the  shallow  depth,  so  that  only  a  small 
portion  of  the  current  power  will  there  be  used  uji.  Nearly  the  whole 
of  the  current  jjower  is  therefore  available  for  the  low-water  section, 
to  which  the  water  movement  is  almost  exclusively  confined;  whereas, 
the  side  portions  during  flood  tide  are  filled  from  the  middle  section, 
and  empty  themselves  back  into  it  during  ebb  tide,  thus  operating 
like  elongated  flushing  basins  (spiilbassins). 

The  low- water  channel  is  therefore  protected  as  much  as  possible 
against  the  deposition  of  sediment,  while  the  water  which  flows  from 
the  central  channel  over  into  the  adjacent  side  channels  during  flood 
tide  sufi'ers  a  loss  of  velocity  and  causes  dei^osits  therein.  In  order 
to  prodiice  the  described  cross-section,  low  guiding  dikes  were  made 
of  sunken  fascines,  so  placed  as  to  cover  in  some  localities  both  sides 
of  the  low-water  channel  and  only  the  concave  side  in  others,  in 
order  to  provide  a  safe  and  unchangeable  boundary.  These  guide 
works  reach  only  to  low  water,  and  are,  therefore,  very  little  exposed 
to  the  action  of  currents  or  ice. 

The  filling  in  of  the  spaces  back  of  the  dikes  is  made  pai-tially  by 
direct  filling  with  dredged  material  ;  while  for  future  deposits  from  the 
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river  itself,  there  is  still  remaining  along  the  improved  channel  siif- 
fieient  space  to  contain  19  000  000  cu.  m.  of  material. 

Between  the  guide  dikes  there  is  just  sufficient  cross-sectional 
area  to  permit  the  water  volumes,  which  are  i^resent  shortly  before  and 
after  low  tide,  to  move  without  special  difficulty,  so  that  no  "ser- 
pentining "  of  the  water  shall  occur.  For  this  reason  there  was  no 
hesitation  about  laying  out  the  axis  of  the  river  for  long  distances  in 
a  straight  or  nearly  straight  line,  since  in  the  author's  opinion  there 
is  no  necessity  for  the  curving  of  a  river  if  the  bed  is  properly  formed 
for  the  smallest  amount  of  flow. 

As  shown  in  Plate  11  and  Plate  m,  the  low-water  channel  which  is 
enclosed  by  the  guide  dikes  gradually  widens  in  going  down  stream, 
but  not  uniformly  ;  furthermore,  the  width  of  the  high-water  channel 
also  increases  continually  in  going  down  stream,  excepting  at  Brake 
and  Xordenham,  where  two  contractions  exist,  which  could  only  be 
avoided  by  incurring  unreasonable  expense.  As  the  side  jjortions  of 
the  improved  channel  have  only  a  limited  share  in  the  conveyance 
of  the  water,  these  contractions  are  very  unimportant.  At  the  desig- 
nated jjoints,  these  contractions  even  ojierate  to  advantage,  in  conse- 
quence of  the  admissible  enlargement  of  the  low- water  section  in  the 
harbor  fronts  of  Brake  and  Nordenham.  The  high-water  channel  is  not 
arranged  symmetrically  with  respect  to  the  low-water  section,  because 
a  symmetrical  arrangement  would  have  required  a  double  amount  of 
excavation  on  account  of  the  irregular  shape  of  the  old  river-bed. 

It  was  necessary,  ■without  regard  to  cost,  to  do  away  with  the  most 
prominent  faults  of  the  old  river-bed,  such  as  the  large  splits  between 
Vegesack,  Elsfleth  and  Brake,  and  also  those  at  Strohausen  and 
Dedesdorf.  At  the  Strohausen  Plate  the  improvement  was  made  by 
shutting  off  the  branch  which  was  at  the  time  much  the  larger,  but 
also  the  most  curved,  in  favor  of  the  shalloAver  but  straighter  branch. 

In  estimating  the  cost,  it  was  of  the  utmost  importance  to  know  how 
much  material  would  have  to  be  removed  either  by  dredging  or  by 
current  action.  Although  the  execution  of  the  improvement  was  so 
designed  as  to  provide  for  cutting  oft'  the  side  channels  first,  both  in 
order  to  secure  the  greatest  aid  from  the  current  to  the  main  channel 
as  well  as  to  deposit  in  the  most  favorable  manner  the  material 
dredged  from  the  main  channel,  still  it  was  to  be  presumed  that 
much  more  dredging  would  here  be  necessary  than  in  the  improve- 
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ment  of  upper  river  channels,  because  in  a  tidal  channel  a  stronger 
current  can  be  created  only  by  first  removing  the  shoals  and  bars. 
While  it  may  not  api^ear  impossible  to  accomplish  the  improvement  of 
a  tidal  channel  by  means  of  correctional  strnctiires  such  as  dams  and 
dikes  alone,  yet  the  result  would  in  most  cases  be  effected  much  too 
slowly  and  would  often  be  rendered  doubtful  on  account  of  accidental 
conditions  such  as  spring  tides,  storm  floods,  ice,  etc.  On  the  other 
hand,  it  is  often  feasible  to  leave  to  the  current  the  removal  of  a  not 
insignificant  amount  of  material,  especially  of  the  lighter  kind  ;  and 
for  that  reason,  of  the  total  of  55  000  000  cu.  m.  of  material  to  be  re- 
moved from  the  Lower  Weser,  it  was  assumed  that  31  000  000  cu.  m. 
would  have  to  be  removed  by  dredging  and  digging,  and  24  000  000  cu. 
m.  by  the  ebb  and  flood  currents. 

It  is  self-evident  that  both  in  the  section  under  improvement  as  well 
as  in  that  below  it,  sufficiently  large  areas  miist  exist  on  which  the 
scoured  material  can  be  deposited  without  damage.  Ftirthermore,  it 
is  necessary  to  secure  an  increase  of  current  below  the  portion  imder 
improvement  by  augmenting  the  volume  of  water  moving  in  the  latter  ; 
otherwise  there  would  be  a  deterioration  of  the  channel,  becaiise  the 
sediment  carried  along  would  be  deposited  there  in  greater  quantity. 
In  the  Lower  Weser  it  was  calculated  that  the  increase  of  water  volume 
passing  Bremerhaven  amounts  to  fully  one-sixth  more  than  the 
original  volume,  so  that  below  Bremerhaven  an  improvement  of  the 
river  channel  will  also  be  attained,  inasmuch  as  the  suspended  material 
wall  not  appreciably  increase  the  height  of  the  extensive  lateral  shoals. 

Although  the  Lower  Weser  between  Bremen  and  Bremerhaven  had 
previously  been  partially  imjiroved  at  the  sole  expense  of  the  State  of 
Bremen,  it  was  not  until  1891  that  the  States  of  Prussia,  Oldenburg 
and  Bremen  adopted,  as  a  joint  undertaking,  the  project  of  the  author 
for  the  improvement  of  the  Outer  Weser,  that  is,  the  portion  of  the 
Weser  below  Bremerhaven.  This  had  for  its  object  the  removal  of  a 
bar  which  was  the  result  of  a  split  in  the  river  which  had  existed  for 
30  years  and  caused  the  formation  of  a  continually  growing  shoal  about 
7  km.  in  length. 

This  improvement  consists  essentially  in  the  construction  of  a 
guide  dike  about  6  km.  long,  commencing  at  a  projecting  angle  near 
Blexen,  and  which  will  be  extended  down  stream  in  as  straight  a  line 
as  practicable.     Whether  and  to  what  extent  it  may  be  connected  by 
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TABLE  No.  4. 
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SeCOJTD  during  one  TIDE)  OF  NoBMAIi,  HiGH  AND  LoW  TiDE  BEFORE 
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cTo.ss-ilikes  -with  the  left  V)ank,  wbieli  is  a  sand  field  lying  between 
high  and  low  water,  is  not  yet  determined,  because  some  small  vessels 
have  a  certain  interest  in  maintaining  an  oi)eu  channel  there. 

Soon  after  5  km.  of  the  dike  had  been  constructed  diiring  the  period 
from  Ajiril  to  September.  1891,  an  average  increase  in  depth  of  0.3  m. 
was  observed  over  about  1  sq.  km.  of  the  surface  of  the  bar,  and  six 
months  afterwards  the  increase  in  dej^th  Avas  0.5  m.  The  increase  in 
dejjth  of  the  channel  jsroper,  in  the  fall  of  1892,  was  2^  m.  To  assist 
the  action  of  the  current  ui3ou  this  bar,  dredging  was  done  during  the 
summer  of  1892,  which  resulted  very  favorably,  for  while  formerly  in 
the  neighborhood  of  the  bar  the  navigable  water  was  confined  to  a 
narrow  channel  only  lUO  m.  wide,  the  width  is  at  ijresent  500  m. 

III.    ExECtJTIOX   OF   THE   IMPROVEMENT. 

In  order  to  secure  the  indispensable  uniformity  in  the  execution 
of  the  work,  the  chief  technical  management  is  vested  in  the 
writer,  under  whom  is  Bau-Inspector  Bucking  as  first  assistant, 
in  addition  to  several  engineers  (bavimeister),  and  about  eight 
assistant  engineers.  The  subordinates  consist  of  several  over- 
seers, clerks,  and  a  large  number  of  dredge  and  boat  captains  and 
steam  engineers.  All  dredging  work  is  done  by  our  own  forces, 
while  the  improvement  works  are  jjerformed  by  contract.  For  the 
dredging,  therefore,  it  was  necessary  to  obtain  a  large  number  of 
dredges,  transport  vessels  and  other  apparatus,  of  which  a  schedule  is 
given  in  Table  No.  5. 
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A. — Bucket  Dredgers  for  Working  in  the  Open  River  Channel. 


1 

A 

35.2 

7.0 

2.9 

1.25 

7 

0  25 

34 

120 

70 

3 

A 

3+ 

6.85 

2.8 

1  25 

7 

0.20 

33 

120 

70 

1 

A 

37 

6.85 

2.8 

l.-!5 

9 

0.18 

37 

120 

70 

1 

B 

32.8 

9.0 

3.3 

1.50 

H 

0.30 

35 

180 

170 

0 

C 

42 

8.8 

3.2 

2.00 

9 

0.44 

35 

250 

200 

1 

F 

47 

7.1 

2.5 

0.86 

4.6 

20 

20 

V 
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TABLE  No.  b— [Continued). 


Class  or  Name. 


Dimensions. 

Lengtli. 
Meter. 

Width. 
Meter. 

Depth. 
Meter 

Draft. 
Meter. 

Rate  of  speed. 
Knots. 


Capacity. 


I 


B.—  Secondary  Deedgebs. 

Apparatus  for  removing  material  dredged  out  of  the  river  channel. 

I.  Pumping  Dredgers. 


FG 
FG 


43 
24.4 


R.SO  I  4.0     I  3.0 
6.80     3.50  I  1.60 


70-100  I       1 
150  1 


300 
320 


II.  Bucket  Dbedgeb,  with  Suction  Dbedger. 


0.317 


F 

33 

6.10 

2.58 

1.2 

G 

24.4 

C.80 

3.50 

1.6 

G 

25 

8.5 

2.4 

1.5 

1.5ft 

2 

90 

150 

1 

320 

80 

1 

150 

III.  Scow  Dredger  (Bucket  Chain  Dredger), 
This  lifts  the  dredged  material  out  of  the  scow  and  delivers  it  into  railroad  cars. 


C— Vessels  for  Transporting  the  Dredged  Material. 
I.  Steam  Scows. 


36 

C.8 

2.20 

1.5 

6 

100 

35 

6.8 

2.40 

1.5 

6 

100 

35 

7.0 

2.35 

1.5 

6 

100 

45 

8.0 

3.0 

2.0 

6 

200 

45 

7.9 

3.0 

2.0 

6 

200 

II.  Tugs  and  Common  Scows. 


D. — Inspection  Steamers  and  Launches. 


Tide 

iDiinung 

Woge  )i.  Bore. . 
Stau  u.  Welle.. 
Ebbe  u.  Fluth. 

Vipp 

Spring 


26 

4.6 

2.55 

1.4 

17.5 

3.8 

2.1 

1.5 

13 

3.1 

1.6 

1.2 

13 

3.1 

1.6 

11 

2.2 

1.2 

9.5 

2.4 

1.4 

1 

9.3 

2.2 

1.21 

E. — Sailing  Vessels. 
.  [Sailing  yacht. 

F.— Coal  Hulks. 


? 

Nord  u.  Sud 

20 

17.2 

15.5 

21 

22 

5 

3.6 
3.4 
4.6 

4  8 

2.075 
2  1 
1.6 
1.6 
1.8 

1.5 

1.4 

1.4 

1.15 

1.20 

8 
8 
8 

2 
1 

Ost  n.  West 

Pony 

12 
48 

Without  bottom  gates. . 
With             "            ■•    .. 

35  cu.  m 
40      " 
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The  greater  part  of  all  the  apparatus  was  provided  at  the  outset 
(if  the  work,  with  the  exception  of  the  secondary  dredges  (pump 
dredges  and  flushing  machines),  as  the  latter  were  particularly  neces- 
sary only  after  the  filling  up  of  the  lateral  branches  of  the  river  which 
were  to  be  cut  off,  and  which  gradually  became  inaccessible  to  the 
dumping  scows.  Active  dredging  is  stopped  only  in  December  and 
January,  during  which  months  all  necessary  repairs  are  thoroughly 
done  ;  during  the  remainder  of  the  time  the  work  progi-esses  uninter- 
ruptedly day  and  night. 

To  accomplish  this,  the  vessels  and  dredges  are  provided  Avith 
double  crews.  All  dredgers  have  electric  lights,  and  on  the  water 
where  the  scows  travel,  small  light-buoys  are  placed.  These  are  cheaply 
constructed  by  fixing  in  two  barrels  a  wooden  frame  on  the  top  of 
which  a  lantern  is  carried  in  a  light  iron  stand.  The  dredging  work  in 
the  actual  river  channel  is  done  with  bucket  dredges  of  the  classes 
designated  "  A,  B  and  C  "  (see  Table  No.  5).  The  dredged  material  is 
carried  by  22  steam  scows  and  60  ordinary  scows  directly  to  the  dump- 
ing places,  if  possible,  and  there  emptied  through  the  bottom  valves  of 
the  scows  ;  but  where,  as  above  mentioned,  these  places  become  too 
shallow,  the  scows  cannot  be  used  during  low  water,  because  they 
are  liable  to  run  agroiind  or  to  lose  valuable  time  waiting  for  high 
water. 

In  order  to  remove  the  dredged  material  cheaply  and  without 
losing  time  in  spite  of  this  latter  difficulty,  there  were  introduced  in 
the  third  year,  1890,  two  kinds  of  secondary  dredgers  (pumping  or 
suction  dredges  and  flashing  machines).  These  are  placed  at  con- 
venient points  along  the  bank,  and  relift  the  dredged  stuff  left  there 
by  the  scows,  and  flush  it  away  through  flexible  lines  of  pipe  to  a  dis- 
tance of  several  hundred  (400  to  500)  meters.  The  removal  of  the 
material,  mixed  with  water  in  the  proportion  of  1  to  9,  is  accom- 
plished in  both  kinds  of  dredgers  l)y  means  of  a  large  centrifugal 
pump  worked  with  a  horizontal  shaft.  The  lifting  of  the  material 
by  the  pump  dredgers  is  accomi:)lished  by  the  same  kind  of  centrifugal 
pump  in  connection  with  a  suction  pipe  reaching  to  the  bottom; 
whereas,  in  the  other  kind  of  secondary  dredgers  called  flushing 
machines,  this  is  accomplished  by  a  chain  bucket  dredge  attached 
temporarily  to  a  scow  carrying  the  centrifugal  pump  and  into  which 
the  dredged  material  is  emptied. 


^J 
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The  cliain  bucket  dredge  can  also  work  independently.  Although 
this  second  kind  of  di'edging  apparatus  is  more  expensive  in  first  cost, 
and  appears  more  complicated,  yet  it  works  cheaper  than  the  first 
kind.  The  reason  for  this  lies  in  the  impossibility  to  work  upon  un- 
even gi'ouud  with  the  suction  pipe  so  uniformly  as  to  avoid  sucking 
up  too  much  water.  The  work  of  the  bucket  dredger  is  much  more 
uniform,  because  it  requires  only  light  buckets  and  chains  on  account 
of  the  thoroughly  loose  condition  of  the  i^reviously  dumped  material, 
and  the  eflBciency  of  the  centrifiigal  pump,  which  is  by  far  the  more 
powerful  part  of  the  combined  apparatus,  is  materially  increased. 
These  flushing  machines  have  also  been  used  for  actual  dredging  close 
along  the  shore,  especially  in  lateral  branches  where  the  dredged  stuff 
could  be  disposed  of  in  the  immediate  neighborhood. 

One  of  the  greatest  difficulties  connected  with  the  operation  of  the 
suction  dredges  was  to  keep  united  that  portion  of  the  piping  which 
floats  between  the  dredge  whose  position  is  continually  changing,  and 
that  portion  which  lies  fixed  on  the  shore.  While  for  the  latter  por- 
tion i^lain,  straight,  flanged  sheet-iron  j^ipes,  3  mm.  thick,  0.50  m.  in 
clear  diameter,  and  6  m.  long,  with  some  elbows  were  found  sufficient, 
it  was  necessary  in  the  other  portion  to  make  the  tubing  very  flexible  by 
special  joints,  and  also  to  keej^  it  floating  on  the  continually  changing 
water  surface.  The  necessary  flexibility  was  obtained  after  repeated 
experiments  by  the  introduction  of  short  connecting  pieces  between  the 
separate  pipes.  These  connecting  pieces  consist  of  a  strong  leather 
hose  which  is  protected  against  exterior  damage  by  an  armor  of  steel 
"wire  netting  with  iron  stiffening  rings.  The  tubes  are  floated  on  pairs 
of  sheet-iron  cylinders  of  the  length  of  the  straight  pipes,  said  cylinders 
being  connected  by  wooden  frames.  At  the  ends  of  the  wooden  frames 
are  iron  bows  to  serve  as  bumjoers,  so  that  the  pliable  joints  cannot 
be  bent  too  much  by  wave  motion,  etc.  At  low  water  some  of  the 
tubes  which  float  during  high  water  rest  upon  the  sloping  shore. 

The  fu"ther  the  imi^rovement  progresses,  the  more  important  the 
operation  of  all  these  suction  dredgers  become,  because  of  the  fact 
that  the  water  diminishes  continually  in  depth  over  the  area  to  be 
filled. 

The  acquisition  of  a  seaworthy  suction  dredge  for  the  imi3rovement 
of  the  Outer  Weser  is  not  necessary  for  the  present,  for,  notwithstand- 
ing the  superiority    of     such    apparatus,    the    work   there   which  is 
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insignificant,   can  be  done  in  favorable  weather  by  the  large  bucket 
dredges. 

Since  the  beginning  of  the  improvement  works  the  following  quan- 
tities have  been  removed  from  the  river  channel  during  the  respective 
years  : 

Cubic  Meters.  Cubic  Meters. 


1887 170  000 

1888 1700  000 

1889 3  750  000 


1890 4100  000 

1891 4  270  000 

1892 3  480  000 


Total 17  470000 

The  cost  for  dredging  and  disposing  together,  including  the  second- 
ary work  done  by  the  suction  apparatus  during  the  years  1890  and 
1891,  amounts  per  cubic  meter  to  0.48  mark  (about  11.4  cents).*  This 
includes  : 

(a)  For  a  sinking  fund,  10^^  on  the  first  cost  and  maintenance,  in 
round  figures,  0.11  mark. 

(b)  The  entire  cost  of  administration,  in  round  figures,  0.08  mark. 

The  actual  cost  of  dredging  and  disposal  of  the  material  is  there- 
fore only  about  0.29  mark  per  cubic  meter.  The  cost  per  cubic  meter 
of  dredging  and  disposal  by  the  suction  dredges  in  the  year  1891  was, 
exclusive  of  sinking  fund,  about  0.16  mark;  including  sinking  fund, 
about  0.25  mark. 

The  construction  of  the  improvement  works,  that  is,  the  guide  dikes 
as  well  as  the  closing  dams,  was  vigorously  pushed  during  the  first  few 
years  in  order  to  gain  all  possible  co-operation  of  the  current  in  the 
formation  of  the  channel.  All  these  works  are  made  of  brush  which 
was  worked  up  for  the  greater  part  into  mats.  In  the  construction  of 
the  guide  dike  in  the  Outer  Weser,  some  of  these  mats  had  to  be  trans- 
ported 10  km. ,  because  there  was  no  suitable  working  place  obtainable 
near  the  site  of  the  dikes.  The  transportation  of  the  mats,  which  are 
from  10  to  15  m.  wide,  20  to  30  m.  long  by  about  1  m.  thick,  and  draw 
scant  0.5  m.  depth  of  water,  ofiered  no  difficulty  in  towing  by  small 
tugboats.  These  large  bodies  are  somewhat  elastic  and  therefore 
adjust  themselves  in  some  degree  to  the  form  of  the  river  bottom  ; 
they  are  placed  over  the  designated  localities  between  anchored  vessels, 
and  during  quiescent  water  are  loaded  with  stones  from  the  vessels 
and  guided  exactly  into  place  by  means  of  ropes. 

*  1  mark  =  23.8  cents. 
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The  lower  strata  of  mats  in  the  dikes  are  on  an  average  2  m.  wider 
than  the  next  following,  so  that  the  dike  obtains  a  slope  of  1  to  1 
on  both  sides.  The  uppermost  layers  are  usually  only  4  to  5  m. 
wide.  To  equalize  the  iiTegularities  of  the  surfaces  of  the  mats, 
continuous  layers  of  packwork  with  strong  interlaced  jjartitions  or 
borders  are  made,  and  the  sjpaces  between  the  latter  are  filled  in  with 
quarry  stones  as  closely  as  possible. 

As  ah'eady  mentioned,  the  guide  dike  extends  on  an  average  only 
about  0.10  to  0.20  m.  above  low  water,  Avith  the  excej)tion  of  the  ends 
joining  the  higher  shores,  where  they  rise  to  about  half-tide.  This  low 
position  admits  of  the  free  motion  of  the  tide  water,  and  protects  the 
dike  against  the  injurious  attack  of  the  waves,  and  especially  of  the 
ice  cakes.  The  particularly  heavy  ice  movement  of  1891  did  no  dam- 
age to  any  part  of  the  works,  which  would  hardly  have  been  the  case 
had  they  been  constructed  of  stones  only.  On  account  of  their 
noticeably  advantageous  influence,  which  was  manifested  during  the 
progress  of  the  improvement,  more  dike  works  were  built  than  was 
originally  contemplated. 

Notwithstanding  that  about  450  000  cu.  m.  of  fascines  were  used 
yearly  from  1889  to  1891,  and  that  a  portion  or  the  material  for  them 
had  to  be  transported  over  100  km. ,  still  there  was  no  trouble  to  obtain 
it  from  the  competing  contractors.  From  the  beginning  of  the  im- 
provement up  to  December  31st,  1892,  the  following  materials  were  pur- 
chased for  the  making  of  mats  :  2  100  000  cu.  m.  brush,  6  600  000  lin. 
m.  of  stakes  of  6  cm.  in  mean  diameter,  145  000  bundles  of  willow 
tAvigs  (1  bundle  =  100  pieces),  6  000  cu.  m.  of  fence  brush,  85  000 
cu.  m.  of  ballast  stones,  370  000  kg.  galvanized  iron  wire  of  3.1  to 
5  mm.  thickness,  and  132  000  kg.  ropework.  Out  of  these  materials 
were  made,  in  round  numbers,  1  050  000  cu.  m.  of  finished  mats  or 
packwork.  From  this  it  will  be  seen  that  there  was  used  for  1  cu.  m. 
of  finished  work  2  cu.  m.  of  brush,  6.2  lin.  m.  of  stakes,  0.14  bundle 
willow  twigs,  0.0057  cu.  m.  of  fence  brush,  0.081  cu.  m.  ballast  stone, 
0.32  kg.  of  galvanized  iron  wire,  and  0.12  kg.  of  ropework. 

The  cost  of  material  delivered  on  the  site  was  on  an  average  as  fol- 
lows : 

One  and  six-tenths  marks  per  cubic  meter  brush,  3.5  marks  per  100 
linear  meter  stakes,  3. 8  marks  per  100  bundles  willow  twigs,  3. 50  marks 
per  cubic  meter  fence  brush,  7.55  marks  per  cubic  meter  ballast  stone, 
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•24  marks  per  100  kg.  of  galvauized  irou  wire,  aud  01  marks  i)er  100  kg. 
of  ropowork.  The  cost,  therefore,  of  material  in  1  eu.  m.  of  finished 
work  was  -t.'i  marks,  to  whieh  must  be  added  2  to  3  marks  for  labor  ; 
M>  that  the  eost  of  1  en.  m.  of  finished  work  varies  from  6  to  7 
murks. 

A  few  additional  remarks  concerning  the  improvement  of  the  Lower 
W(>ser.  and  the  i)eeTiliar  attendant  conditions,  may  also  be  admissible 
here. 

The  order  in  which  the  works  followed  each  other  made  it  neces- 
sary to  harmonize  the  requirements  of  navigation  with  the  theoretical 
l)rinciples  of  the  improvement.  In  accordance  with  the  latter,  it 
wonld  doubtless  have  been  more  advantageous  to  have  commenced 
the  works  at  the  loAver  end  and  gradually  progressed  up  stream. 
As,  however,  for  reasons  of  policy,  the  free  and  Hanse  town  Bremen 
was  obliged  to  build  the  free  harbor  below  the  city  du^ring  the  years 
1885  to  1888,  at  a  cost  of  about  30  000  000  marks,  and  coiild  only 
commence  the  improvement  of  the  Lower  Weser  in  1887,  it  was  desi- 
rable to  admit  larger  ocean  vessels  to  the  finished  harbor  as  soon  as 
possible  ;  otherwise  both  the  interest  on  the  outlay  for  the  harbor, 
and  the  advantages  gained  by  the  attractions  of  trade  to  the  town, 
would  have  been  sacrificed  for  some  years.  With  these  fundamental 
principles  in  view,  the  improvement  works  were  so  managed  that  from 
1888  to  1892  the  channel  depth  to  Bremen  was  increased  from  2.75  to 
4. 70  m.  at  ordinary  high  tide  and  mean  river  discharge  ;  and  as  a  con- 
sequence, 620  000  tons  of  arrivals  and  departures  were  already  regis- 
tered at  the  harbor  of  Bremen  in  1891. 

Ajiother  purely  technical  question  is,  whether  the  closing  of  the 
larger  side  branches  should  be  done  quickly  or  slowly.  In  accordance 
with  the  main  object  of  the  improvement,  which  was  the  attainment 
of  the  greatest  possible  water  movement,  it  was  essential  not  to  block 
up  a  side  branch  apjjreeiably  more  than  the  main  branch  could  at 
the  same  time  be  enlarged,  especially  if  the  latter  was  small  in  the  be- 
ginning. In  that  case,  however,  the  progress  of  the  entire  work  would 
be  too  slow.  Where  it  is  required  to  enlarge  the  main  branch  1  000 
sq.  m.  in  cross-section,  every  kilometer  of  its  length  will  furnish 
1  000  000  cu.  m.  of  material  to  be  removed.  If  the  split  of  the  chan- 
nel in  question  is  several  kilometers  long,  there  results  an  equal 
number  of  1  000  000  cu.  m.,  the  greater  part  of   which  would  have  to 
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be  dredged    to  gain  the  required  object.     To  do  this  Avoiild  require 
several  years,  even  with  the  use  of  a  most  elaborate  dredging  jilant. 

On  the  other  hand,  it  is  possible,  in  a  few  months  to  shut  off  a  large 
side  branch  by  the  aid  of  the  previously  described  methods,  that  is 
to  say,  by  the  construction  of  guide  dikes  above  and  below  and  a  dam 
in  the  middle  portion  so  that  at  the  time  of  low  water  only  a  small 
quantity  will  flow  through,  while  these  dams  being  built  low  offer 
comiDaratively  little  impediment  to  the  flow  of  the  rising  tide.  By 
these  means  a  powerful  co-operation  of  the  current  ijower  is  ob- 
tained in  the  main  branch,  i^rinciiJally  at  the  time  of  low  water, 
whether  it  be  ebb  or  flood.  The  result  of  this  is  tliat  the  main  branch 
is  rapidly  deejiened  by  the  increased  current  action,  and  a  portion 
of  the  scoured  material  which  is  conveyed  beyond  the  upjDer  and 
lower  points  of  sei^aration  is  carried  into  the  side  In-anch  by  the  chang- 
ing currents  ;  and  as  the  velocities  are  there  diminished  by  the  dikes, 
the  greater  i^art  of  the  sedimentary  matter  is  deposited. 

There  is  ojiposed,  however,  to  these  advantages  an  unavoidable  dis- 
advantage from  the  fact  that  the  low-water  surface  above  the  split 
in  question  is  kept  at  a  relatively  high  elevation  until  the  main  branch 
has  become  widened  to  such  an  extent  that  it  alone,  or  in  conjunction 
with  the  remainder  of  the  side  branch,  can  carry  off  as  much  water  at 
the  time  of  low  water  as  both  branches  could  before  the  imjjrove- 
ments.  This  disadvantage  is,  however,  temporary  and  must  be  endured 
for  the  sake  of  attaining  the  more  important  advantages. 

Thus  the  low-water  surface  above  the  Strohausen  Plate  rose  about 
0.20  m.  during  the  years  1889  to  1891  in  consequence  of  the  con- 
tractions made  in  the  left  branch.  This  rise,  however,  reached  its 
greatest  height  in  1891,  and  will  jirobably  disappear  about  the  begin- 
ning of  1893,  because  an  appreciable  deepening  in  the  right-hand 
branch  has  occurred  in  the  mean  time,  also  because  the  dredgings  there 
are  being  pushed  with  special  vigor.  Between  5  000  000  and  6  QOO  000 
cu.  m.  of  material  were  scoured  into  the  left  branch,  and  have  been 
permanently  deposited  therein,  which  would  not  have  been  attained  so 
rapidly  or  so  cheaply  had  not  such  vigorous  changes  of  the  old  con- 
ditions been  made  by  means  of  the  guide  dikes  and  cross  dams.  Such 
a  local  raising  of  the  low-water  surface,  moreover,  does  not  necessarily 
cause  a  decreased  water  movement  above.  It  is  even  possible  to  in- 
crease the  same  if  the  improvement  works  are  carried  on  with  suf- 
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ficieut  energy.  Thus,  hy  the  removal  of  the  slioals  at  Elsfleth,  aljove 
the  split  near  Strobausen,  previously  mentioned,  wliicli  was  done  in- 
tentionally in  the  first  years  of  the  improvement,  a  lowering  of  the 
ebb-tide  snrface  was  actiaally  obtained  which  extended  over  the  whole 
upper  section  of  the  improvement. 

It  is  obvious  that  in  all  siich  far-reaching  changes,  the  existing  con- 
ditions must  receive  more  attention  than  the  purely  technical  require- 
ments, and  that  the  preliminary  estimate  must  take  into  account  all 
possible  claims  for  damages.  For  this  purpose  it  is  essential  to 
measure  exactly  all  existing  facilities  for  drainage  ;  to  take  accurate 
soiTudings  of  all  water  channels;  to  determine  the  amount  of  salt  in 
the  water  with  reference  to  its  use  by  cattle;  to  make  investigations  of 
the  character  of  the  local  vegetation,  with  the  view  of  its  possible 
alteration  by  the  improvement,  etc. 

The  following  is  the  preliminary  estimate  of  the  cost  of  the 
project: 

Marks. 

For  land  j^ur chase  and  damages 495  600 

For      excavation,     dredging      and      transportation 

(31  000  000  cu.  m.) 23  641  212 

For  correction  works 2  748  860 

For  secondary  works 950  000 

For  administration,  incidentals,  etc 2  164  382 

Total 30  000  000 

Some  of  these  amounts  have  since  been  materially  changed,  es- 
jDecially  the  fourth  item,  which  has  been  considerably  exceeded,  while 
in  the  second  item  a  considerable  saving  was  made  in  consequence  of 
the  exceedingly  low  price  paid  for  moving  material. 

Up  to  the  end  of  1892  there  has  been  expended: 

Marks. 

For  excavation,  dredging,  transportation 10  920  313.07 

For  correction  works : 5  236  111.  71 

For  secondary  works 2  688  117.99 

For  administration,  incidentals,  etc 1  620  475.48 

Total 20  465  018.25 
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A    BRIEF    ACCOUNT    OF    THE    BUILDING  OF 
LEIXOES   HARBOR. 


By  AiiTONSO  JoAQTJiM  NoGTJEiRA  SoAKES,  Inspecting  Engr.  in  Charge. 


Prepared  for  the  International  Engineering  Congress  of  the 
Columbian   Exposition,    1893. 


Leixoes  Harbor,  situated  about  5  km.  to  the  north  of  the  mouth  of 
the  Elver  Douro,  is  formed  by  two  break- waters,  the  northern  one  extend- 
ing 1  579.37  m.  in  length,  and  the  southern,  1 145.25  m.  The  outlines  in 
plan  from  the  shore  are  concave  to  seaward,  as  far  as  low-water 
level,  in  order  to  insure  the  best  protection  to  the  stoneyards  and 
service  roads,  as  well  as  to  enlarge  the  area.  Beyond  this  their 
advancement  into  the  sea  is  in  right  and  parallel  lines,  whose  approxi- 
mate distance  is  1  100  m.,  and  whose  bearing  is  S.  73°  30'  W.     They 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
wUl  be  published  simultaneously  in  the  number  for  December,  1893. 
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thou  a^jproach  each  other,  curving  towards  the  inside  of  the  harhor, 
witli  300  m.  and  200  m.  radius,  respectively,  for  the  north  and  south 
moles,  and  afterwards  continue  straight  to  their  outer  ends  ;  leaving 
an  opening  220  m.  wide  for  the  entrance,  but  so  that  the  break-water 
from  the  north  extends  about  150  m.  fiirther  into  the  sea  than  the 
one  from  the  south. 

The  north  break-water,  which  in  part  rests  ujjon  several  rocks  that 
are  visible  at  low  water,  and  even  at  high  tide,  .is  the  most  important, 
as  it  comi)letely  shelters  the  harbor  from  the  noi-thwest  swell  of  the 
sea,  the  most  violent  here. 

The  area  of  this  harbor,  measured  at  lowest  water  level  (hydro- 
graphical  zero),  is  about  95  hectares  (234.75  acres).  At  high  tide  it  is 
considerably  larger,  as  it  then  includes  the  tide-basin  of  the  River 
Lessa.  The  depths  of  8  m.  and  more,  indicated  by  the  soundings 
figured  in  meters  on  the  plan  and  represented  by  contour  lines,  also 
figured  in  meters  as  well  as  in  English  feet,  are  all  referred  to  the 
hydrographical  zero.  The  area  within  these  contours  covers  an  area 
of  40  hectares  (98.84  acres),  and  the  harbor  admits  the  largest  mer- 
chant ships,  whose  access  is,  in  general,  easy. 

The  construction  of  the  break-waters  in  deep  water  was  by  what 
is  called  the  mixed  system.  The  lower  structure  or  submarine 
basement  is  a  mound  of  loose  rubble  stone,  assorted  in  three  different 
average  sizes.  The  stones  of  the  first  or  least  size  do  not  weigh  more 
than  2  000  kg.  each  ;  those  of  the  second  size  range  from  this  weight  to 
8  000  kg. ,  and  those  of  the  third  are  still  heavier.  The  seaward  slope 
or  foreshore  is  defended  by  artificial  blocks,  20  cu.  m.  each  in  bulk  and 
about  45  000  kg.  in  weight,  made  with  rubble  stone  bedded  in  mortar 
and  with  concrete.  The  upper  structure  or  sheltering  wall  is  built  with 
hewn  stone  faces  and  rubble  stone  backing,  all  of  which  is  laid  in 
mortar,  these  materials  being  joined  in  artificial  blocks  of  about  20  cu. 
m.  in  the  part  most  exposed  to  the  sea. 

The  loose  stone  masses  of  assorted  rubble,  as  well  as  the  artificial 
blocks,  are  so  placed  that  the  most  biilky  materials  occupy  the  posi- 
tions most  exposed  to  the  destructive  action  of  the  waves.  Accord- 
ingly, on  the  base  for  the  ui^per  structure,  at  the  level  of  zero, 
the  second-size  rubble,  that  goes  down  5  m.  below  this  datum,  is 
covered,  in  the  first  place,  by  third-size  rubble,  and  after  that,  by  the 
artificial  blocks.     These  rise   against  the  outward  face  of  the  upper 
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Btructure  about  5  m.  above  datum,  and  descend  below  datum  to  the 
depth  of  7  m.,  where  they  rest  upon  the  third-size  rubble  mass, 
because  at  greater  depth,  the  agitation  of  the  sea  not  being  so 
eflfective,  great  mass  is  not  required  for  the  defense  of  the  inner  less 
weighty  materials.  The  breadth  or  thickness  of  the  mound  at  datum 
is  38.24  m.,  the  artificial  blocks  occupying  the  width  of  15.8  m. 
between  the  seaward  slope  and  the  sheltering  wall. 

The  upper  structure  is  5.4  m.  thick  at  datum  level,  has  its  out- 
ward face  battered  1  horizontal  to  10  vertical,  and  has  a  height  of 
9.8  m.  Its  thickness  at  the  top,  barring  the  jut  of  the  cordon,  is 
4.5  m.,  which  is  divided  into  3  m.  for  the  width  of  the  walk  and  1.5  m. 
for  the  base  of  the  parapet,  whose  height,  1.4  m.,  makes  the  total 
elevation  of  the  upper  structure  11.2  m.  above  extreme  low  water,  or 
7.4  m.  above  the  highest  tide. 

The  upi^er  structure,  in  addition  to  being  i^rotected  on  the  sea 
side  by  artificial  blocks  to  the  height  of  5  m.  above  datum,  is  on 
the  harbor  side  supijorted  by  first-size  rubble  and  by  the  jsavement 
laid  in  mortar,  which,  at  6  m.  above  datum,  forms  the  jDlane  of  the 
quay,  10  m.  wide  ;  so  that  the  thickness  of  the  break-waters  is  14.8  m. 
at  the  level  of  this  plane.  Below  datum  level  the  thickness  or  breadth 
of  the  mounds  increases  with  the  depth.  The  &lope  of  the  rubble 
on  the  harbor  side  is  1.33  m.  horizontal  to  1  m.  vertical,  and  that 
of  the  artificial  blocks  on  the  sea  side  is  1  to  1  to  the  depth  of  7  m., 
where  the  covei'ing  of  this  class  terminates,  being  followed  by  that  of 
third-size  rubble,  which  still  increases  the  breadth,  as  may  be  seen 
on  the  section. 

The  construction  of  the  heads  of  the  break -waters  followed  what  is 
called  the  upright  wall  system.  The  foundations  were  formed 
with  concrete  in  bags,  so  as  to  give  regularity  to  the  rock  bottom,  after 
the  sand  and  movable  detritus  were  taken  away  by  means  of  dredges 
and  the  work  of  divers.  The  foundation  of  the  north  head  is  buried 
in  the  general  bed  of  sand.  The  greatest  thickness  of  the  concrete  in 
bags  there  is  2.7  m. ,  and  its  upper  surface,  that  on  an  average  is  at  the 
same  level  as  the  upper  surface  of  the  sandbed,  is  14.85  m.  below 
datum.  For  the  foundation  of  the  south  head  advantage  Avas  taken 
of  a  large  submarine  rock  which  rises  about  5  m.  above  the  bottom,  so 
that,  to  establish  uniformity  of  surface  in  the  same  way  by  means  of 
concrete  in  bags  became  much  easier,  a  plane  upper  surface  being  left, 
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iipon  Avbich  tlie  iijiriglit  wall  rests,  at  the  depth  of  9.9  m.  holow  the 
ilatum  level. 

The  height  of  the  upright  structures  from  their  l)ases  to  this  datum 
is,  therefore,  14.85  m.  and  9.9  m.,  respectively,  at  the  north  and  south 
heads.  In  both  of  them  the  thickness  of  the  rectangular  part  is  15.  l 
m.,  and  the  thickness  or  diameter  of  the  circular  part,  20  m.  Below 
datum  these  structures  -were  executed  as  follows:  the  circular  part 
at  the  north  head  and  the  rectangular  part  at  both  of  them  were 
built  with  artificial  blocks  of  various  dimensions,  but  in  general  rang- 
ing in  bulk  from  16.5  to  20  cu.  m.,  made  of  rubble  stone  bedded  in 
mortar,  which  were  placed  in  horizontal  courses  or  layers,  without 
mortar  in  the  joints  and  beds.  The  circular  part  of  the  south  head 
was  built  within  an  iron  caisson  that  was  lined  with  rubble  stone 
bedded  in  mortar  and  filled  in  with  concrete.  After  a  coating  of 
these  materials  had  been  laid  dry-shod  on  the  bottom  and  against 
the  sides,  the  caisson  was  sunk  in  place,  and  was  afterwards  kept 
drained  with  a  powerful  centrifugal  pumj),  in  order  to  allow  of  the 
interior  constructions  being  continued  dry-shod,  so  as  to  form  a  com- 
pact body. 

From  datum  to  the  quay  level,  6  m.  above,  the  heads  were 
constructed  with  artificial  blocks,  hewn  stone  and  stone  rubble,  all 
with  mortar  in  the  beds  and  joints,  so  that  the  masses  are  perfectly 
compact.  Above  the  quay-plane,  the  upper  structures  or  sheltering 
walls  agree  with  those  on  the  mounds  and  are  constructed  like  them. 
•  The  principal  materials  of  the  country,  stone  for  all  sorts  of 
masonry  and  sand  for  mortar,  were  of  excellent  quality  and  were 
found  in  very  favorable  working  conditions.  The  cement  came  from 
the  important  establishment  at  Boulogne-sur-Mer  with  the  mark 
"  Demarle Lonquety  &  Cie.,"in  accordance  with  an  agreement  between 
the  contractors  of  the  works  of  the  harbor  and  the  manufactvirers. 

The  mortar  used  in  making  the  artificial  blocks  for  the  protection 
of  the  loose  rubble  masses  and  for  the  construction  of  the  upright 
walls  was  made  with  this  cement  and  sand,  in  the  proportion  of  556  kg. 
of  the  former  to  1  cu.  m.  of  the  latter.  That  ai^plied  to  the  hewn  stone 
outward  coating  of  the  sheltering  wall  above  the  quay-plane  was  also 
made  with  cement  and  sand,  in  the  i)roportion  of  600  kg.  of  cement  to 
1  cu.  m.  of  sand,  or  of  1  of  cement  to  2  of  sand,  and  that  used  in  the 
backings  was  mixed  with  water-lime  of  the  country  (Cabo  Mondego), 


198  SOABES  ON  BUILDING  OF  LEIXOES  HARBOR. 

jjuzzolana,  also  Portuguese  (Ilha  de  S.  Miguelj  and  sand,  in  the  pro- 
portions of  632  kg.  of  lime,  1  cu.  m.  of  puzzolana,  and  3  cu.  m.  of 
sand. 

The  entire  work  was  taken  at  a  lump  sum  (a  for/ail)  by  Dauderni 
and  DuiJarchv,  according  to  the  i^lan  and  minute  specification,  in  which 
every  detail  was  determined.  These  contractors  were,  after  Dauderni's 
decease,  succeeded  by  Duijarchy  and  Bartissol.  The  contract  with 
the  Government  was  closed  on  the  16th  of  February,  1884,  in  pursu- 
ance of  public  competition  announced  for  January  23d  of  the  same 
year,  when  the  only  proposal  offered  was  that  of  these  contractors, 
who  discounted  11  000  millereis  on  the  assigned  limit  of  cost,  4  500  000 
mille  reis,  which  was  accepted. 

According  to  the  stipulated  conditions,  the  contractors  were  to 
begin  the  work  within  six  months  following  the  date  of  the  contract 
and  finish  it  within  the  term  of  eight  years  after  the  same  date. 

The  former  condition  was  observed.  The  latter  was  not  exactly 
fulfilled,  on  accoiint  of  several  accidents,  in  particular  those  that  oc- 
curred on  the  immersion  of  the  iron  caissons  for  the  circular  parts  of 
the  heads  of  the  break-waters.  This  exj^edient,  previously  adopted 
at  Columbo,  was  j)roposed  by  the  contractors  to  hasten  the  works  and 
save  the  corresponding  outlay,  but  did  not  turn  out  to  their  advan- 
tage, and  exijerience  proved  that  they  would  have  served  their  inter- 
ests better  in  executing  without  any  alteration  what  was  provided  for 
in  the  plan  and  specification  of  the  contract  ;  as  they  iTad  to  do  after 
all  at  the  head  of  the  north  breakwater.  Notwithstanding,  the  differ- 
ence was  only  of  a  few  months,  and  the  works  executed  after  the  term 
expired  were  not  very  important  ;  so  that  the  harbor,  as  to  the 
advantage  taken  of  it,  might  indeed  be  considered  ready  within  this 
term. 

At  all  events,  it  seems  that,  as  yet,  no  works  for  sea  harbors  of  the 
same  nature  and  importance  have  been  perfected  in  so  short  a  period, 
in  a  sea  so  much  exposed  to  the  winds  of  the  northwest  and  southwest 
on  such  an  extensive  area,  and  with  a  section  of  construction  so  solid 
and  complete  for  internal  shelter. 

The  placing  in  the  sea  of  the  assorted  loose  rubble  and  the  protect- 
ing artificial  blocks,  as  well  as  of  those  with  which  the  heads  were 
built  and  also  the  walls  on  the  mounds  above  the  datum  level  to  the 
quay-plane,  6  m.   high,  disposed  in  three  layers  that  occupy  all  the 
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width  of  this  upper  structure,  was  uiaiuly  effected  by  means  of  the 
hirge  powerful  cranes,  "  Titans,"  constructed  at  Fives-Lille  Iron 
Works,  which  did  excellent  service.  All  the  stone  placed  with  these 
••  Titans  "  was  brought  from  the  quarries  on  the  coast,  or  from  those  at 
San  Gens,  by  railroads  laid  out  for  the  purpose,  the  main  supply 
being  from  the  latter.  A  comparatively  small  portion  of  rubble  from 
the  quarries  on  the  banks  of  the  River  Douro  was  put  in  place  in  the 
sea  by  means  of  steam  hopper-barges. 

The  progress  of  the  work  was  in  general  very  satisfactory,  except- 
ing the  losses  that  resulted  from  accidents  attending  the  immer- 
sion of  one  of  the  iron  caissons  for  the  heads  of  the  break-waters,  and 
from  the  abandoning  of  another  very  forward  in  construction.  In  re- 
ference to  the  importance  of  the  total  affair,  these  cannot  be  considered 
very  remarkable,  and  the  contractors  were  on  the  whole  very  fortunate, 
as  the  damages  they  suffered  came  to  much  less  than  what,  with  good 
reasons  derived  from  the  experience  of  similar  works,  was  apprehended 
and  proAnded  for  in  the  computation  of  the  amount  and  prices  of  the 
estimate.  However,  to  be  just,  it  should  be  acknowledged,  not  only 
that  several  circumstances  were  favorable,  including  the  weather  and 
the  state  of  the  sea,  but  also  that  the  contractors  endeavored  to  secure 
a  successful  result  and  maintained  an  orderly,  active  and  economical 
management. 

Experience,  during  the  building  of  the  harbor,  has  already  con- 
firmed, and  it  is  thought  it  will  continue  to  confirm  in  its  use  and 
maintenance,  that  the  system  of  construction  designed  in  the  plan  and 
sjaecification  of  the  contract,  and  which  the  contractors  bound  them- 
selves to  carry  out,  was  appropriate  to  local  conditions  ;  thus  con- 
tradicting the  ill  omens  pronounced  by  respectable  engineers  of 
several  countries  before  and  after  the  works  were  begun. 

The  princii)al  quantities  of  work,  that  according  to  the  plans  of  the 
work  and  the  conditions  of  the  contract  were  valued  and  paid  to  the 
contractors  are  :  608  836  cu.  m.  of  assorted  loose  rubble  in  the  sea  ; 
125  480  cu.  m.  of  artificial  blocks  for  the  defense  of  these  rubble 
masses  ;  3  252  cu.  m.  of  concrete  in  bags  in  the  foundations  of  the 
heads  of  the  break-waters,  11  068  cu.  m.  of  artificial  blocks  set 
without  mortar  in  the  heads;  9  694  cu.m.  of  concrete  and  of  rubble 
masonry  set  in  mortar  within  the  caisson  of  the  south  break-water 
head  and  at  the  upper  parts  of  both   heads   from  datum  to  the  quay- 
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plane  level  ;  131  274  cu.  m.  of  liewTi  and  rubble  stone  masonry  and 
artificial  blocks  laid  in  mortar  in  the  sheltering  walls  on  the  mounds 
and  at  their  heads,  and  18  400  cu.  m.  of  rubble  masonry  with  mortar 
in  the  pavement  of  the  quays. 

There  were  used  on  the  mounds  and  quay  walls  of  the  little  port  of 
service  that  was  constructed  against  the  north  break-water  16  840 
cu.  m.  of  artificial  blocks  and  hewn  and  rubble  stone  masonry  laid  in 
mortar.  Various  ancillary  works  of  the  stoneyards,  service  roads, 
warehouses,  etc.,  required  11 320  cu.  m.  of  hewn  and  rubble 
stone  set  in  mortar  ;  7  689  cu.  m.  of  dry  rubble  masonry  ;  52  940 
cu.  m.  of  earthwork  ;  700  tons  of  iron,  and  large  quantities  of 
dififerent  sorts  of  timber.  The  lengths  of  all  the  service  railroads 
amounted  to  a  total  of  30  km.  during  the  greatest  development  of  the 
works. 

Besides  two  large  cranes  (Titans)  used  for  building  the  break-waters, 
the  contractors  had  two  steam  cranes,  one  of  25  000  kg.  power  and  the 
other  of  18  000  kg.,  on  the  construction  of  the  small  internal  j^ort  ;  two 
steam  screw-jack  wains  {chariots  a  verin)  of  60  000  kg.  in  the  stoneyards 
to  lift  and  convey  the  artificial  blocks;  as  well  as  25  cranes  ranging  from 
1  500  kg.  to  18  000  kg.  power  at  the  quarries  and  in  the  stoneyards. 
There  were  also  seven  locomotives,  three  for  the  service  of  the  quarries 
and  four  for  that  in  the  stone-yards,  as  well  as  different  fixed  and 
movable  engines  in  the  stone-yards  and  workshoi^s. 

The  j)rincipal  floating  plant  employed  by  the  contractors  consisted 
of  two  large  steam  hopper-barges,  to  place  loose  assorted  rubble  in  the 
sea,  and  artificial  blocks  at  the  heads  of  the  break-waters,  their  service 
in  this  work  being  of  little  use  ;  a  small  steam  tug  and  difi'erent  boats 
for  dredging  at  the  foundations  of  the  heads  and  for  the  conveyance  of 
materials. 

This  harbor  will  soon  have  two  secondary  lighthouses  built  upon 
the  heads  of  the  break-waters  and  in  the  general  jilan  of  coast  lighting, 
the  construction  of  one  of  first  class  is  also  intended  for  its  vicinity. 
It  is  also  to  be  completed  with  internal  works,  in  order  to  adapt  it 
better  to  commercial  operations,  for  which  purpose  a  law  has  already 
been  promulgated,  but  not  yet  i^ut  into  execution. 

The  use  that  navigation  has  made  of  the  harbor  is  already  import- 
ant, for,  besides  many  coasting  and  fishing  vessels  that,  in  great 
danger  in  the  open  sea,  took  refuge  in  it,  large  ships  have  come  into 
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it  for  shelter  or  for  commercial  operations,  as  well  as  steam-packeta 
liouud  to  it  expressly. 

This  harbor  is  liable  to  deposits  of  sand  and  silt  from  maritime  and 
fluvial  sources,  as  in  general  all  artificial  and  even  natural  harbors 
are  ;  but  the  experience  gained,  uj)  to  the  present,  suggests  that  the 
expense  of  maintenance  in  dredging  will  be  very  moderate. 
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Prepared  for  the  International  Engineering  Congress  of  the 
Columbian  Exposition,  1893. 


When  water  reaches  an  inclined  surface  the  effect  of  gravitation  is 
to  set  it  in  motion.  Thus,  the  water  acquires  a  certain  energy,  that 
is,  the  ability  to  perform  mechanical  work. 

Should  the  water — which,  for  the  present,  is  supposed  to  have  a 
continuous  and  uniform  flow — meet  with  no  obstruction  on  its  way 
down  the  valley,  then  in  a  given  time  it  will  perform  as  much  work  as 
Las  been  expended  during  that  time  in  giving  it   motion.      But   if 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  CongresB 
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olisirmlions  are  to  be  overcome  on  the  way,  a  jiortiou  of  this  energy 
proportional  to  the  resistance  will  be  consumed,  therefore  measuring 
its  amount  up  to  that  jjoint  of  time.  Because  gravity  acts  con- 
tinually, therefore,  in  the  first  case,  in  consequence  of  the  increase 
in  velocity  with  the  fall,  and  the  fact  that  a  body  with  mass  vi  moving 

2 

with  a  velocity  v  possesses  a  capacity  for  work  equal  to  -^,  the  energy 

descending  would  constantly  increase  with  the  increasing  difference  of 
level  /{  from  the  origin  of  the  movement,  in  conformity  with  the 
increase  of  r  and  according  to  the  formula  vz=^2r/h.  In  the  second 
case  a  certain  amount  of  the  increased  velocity  will  be  absorbed  in  a 
given  distance  by  the  exjienditure  of  that  amount  of  energy  required 
to  overcome  the  obstructions  occurring  along  this  distance. 

Our  natural  water-courses  are   in  this  category.     In  the  comple- 
tion of  the  circulation,  constantly  being  renewed  under  the  influence 
of  the  sun's  heat  upon  the  sloping  surface  of  the  earth,  these  flow 
toward  the  sea ;  and,  since  their  creation,  together  with  atmospheric 
influences,  continually  act  on  its  ever-changing  surface.    The  accelera- 
tion imjiarted  to   the  water  will  be  j^artly    consumed  iu  overcoming 
resistance  to  motion  caused  by  adhesion  and  friction  between  the  bed 
of  the  stream  and  the  water.     The  adhesion  and  friction  produce  on 
their  part  internal  motions  through  the  cohesion  of  the  water,  and 
thus  a  further  part  of  the  acceleration  is  destroyed.     Should  this  be 
just  consumed  over  a  certain  distance,  the  water  will  flow  for  this 
distance  with  a  constant  velocity  ;  if  it  is  but  partially  consumed,  the 
water   at  the   end   of  the   distance   will   have   attained   an   increased 
velocity;  if  the  acceleration  is  insufficient  to  overcome  the  resistance  to 
motion,   then  the  velocity  will  have  become  less  at  the  end  of  the 
distance.     In  the  last  two  cases  the  water  has  a  varying  velocity.     In 
the  first  case  the  energy  has  remained  constant  ;  in  the  second  case  it 
is  increased  ;  in  the  third  case  it  is  decreased.     We  can  also  say  with 
Lechalas  [Hydraulique  FluviaJe,  Paris,  1884),  that  in  the  first  case  the 
total  work  performed  by  all  forces  in  a  unit  of  time  is  nil.     While  the 
negative  work  is  expended  in  overcoming  the  resistance   caused  by 
adhesion,  friction  and  cohesion,  the  positive  work  may  be  taken  as 
approximately    equivalent     to    the    jn-oduct    of    the   weight    of    the 
flowing  water  by  the  actual  fall  in  the  given  distance.     This  is  only 
approximate,  because,   as  a  matter  of  fact,   the   stream  carries  silt, 
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whicli  increases  in  amount  as  the  power  of  erosion  exceeds  the  resist- 
ance of  the  bed.  Sediment  is  the  product  both  of  the  eroding  action 
of  the  Avater  and  of  the  disintegration  caused  by  atmospheric  influ- 
ences. 

As  the  stream,  which  at  a  certain  instant  possesses  a  certain  energy, 
attacks  the  bed,  which  is  variable  in  its  composition  as  well  as  in 
density  of  stratification,  it  forms  its  ground  plan  in  compliance  to  the 
resistance  to  motion  encountered,  by  avoiding  them  with  a  bend,  /.  ?., 
by  changing  its  direction.  In  this  manner  a  loss  of  energy  occurs. 
The  stream  will,  therefore,  leave  the  bend  with  a  less  velocity  than  it 
had  on  entering  it.  In  the  bend  itself  a  part  of  its  energy  must  be 
absorbed,  and  that  occurs  here  by  internal  motions,  as  is  made  ajjpar- 
ent  by  eddies.  These  internal  motions  of  the  water  occur  as  a  result  of 
the  cohesion  between  the  molecules  moving  with  different  velocities. 
This  difference  in  velocity  is  observed  to  be  more  marked,  and  hence 
the  internal  movements  are  of  greater  magnitude,  the  nearer  the  mole- 
cules approach  the  bed  of  the  stream. 

Now,  the  intensity  with  which  the  molecules  are  driven  against  the 
stream-bed  depends  upon  the  shape  of  the  channel,  both  horizontally 
and  vertically.  In  a  bend,  the  water  will  be  driven  against  the  concave 
bank  by  its  centrifugal  force,  and  in  this  way  eddies  with  vertical  axes 
are  formed.  As  the  water  breaks  against  the  shore  it  is  raised,  and 
thereby,  under  a  correspondingly  increased  pressure,  receives  an 
impetus  to  flow  back  normally  into  the  bed  of  the  stream.  These  fila- 
ments of  water  impinge  on  those  flowing  obliquely  down  stream, 
causing  the  formation  of  other  eddies  with  horizontal  and  inclined 
axes,  which  continue  downward  to  the  stream-bed  and  attack  it  in 
the  neighborhood  of  the  concave  shore,  as  well  as  the  latter  itself. 
A  change  of  form  in  the  cross-section  takes  jilace  by  this  one-sided 
deepening  and  widening.  There  are,  therefore,  two  factors  present 
which  deduct  a  portion  of  the  stream's  energy  on  entering  a  bend — 
change  of  direction  and  change  of  form.  In  addition  to  this  there  is  a 
third.  The  materials  torn  from  the  banks  will,  in  proportion  to  their 
weight — I.  e.,  in  case  of  equal  specific  gravity  in  proportion  to  their 
volume — either  be  drawn  into  the  eddies  by  the  whirling  mass  of 
water  and  carried  off  in  suspension  by  the  current,  or  rolled  forward 
on  the  bed  of  the  stream.  This,  also,  is  work  performed  which  is  only 
possible  by  a  loss  of  energy. 
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The  diminution  of  energy  caused  by  bends  is  made  evident  in  tlie 
first  i^lace  below  the  bend,  and,  moreover,  on  tlie  concave  shore,  by 
the  deposition  of  the  eroded  material,  the  convex  shore  joining  the 
concave  shore  down  the  stream.  Therewith,  however,  the  water  is 
crowded  over  to  the  opposite  shore  and  receives  another  change  of  direc- 
tion. But  while  the  remaining  energy  is  entirely  consumed  by  over- 
coming resistance,  there  will  be  formed  no  other  important  internal 
motions  in  crossing  from  one  shore  to  the  other,  so  that  eddies  working 
to  deepen  the  channel  will  be  wanting  ;  in  other  words,  the  bed  will 
show  here  an  elevation,  as  in  jjart  the  products  of  the  erosion  in  the 
bend  above  come  to  rest.  This  increased  elevation  acts  as  a  bar, 
raises  the  water  surface  above  it,  and  endues  it  with  new  energy,  the 
surplus  of  which,  when  reaching  the  opposite  shore,  will  be  consumed 
by  the  formation  of  bends  and  pools,  as  in  the  former  concave  shore, 
"We  have  here  the  formation  of  a  serpentine  channel. 

Up  to  this  point  we  have  assumed  a  uniform  quantity  of  water 
flowing  over  a  bed  of  originally  constant  inclination  to  the  horizon. 
We  have  seen  that  this  inclination  has  a  certain  legitimate  dependence 
upon  the  slope  of  the  bed  ;  that,  as  soon  as  bends  occur,  the  slope, 
which  is  at  first  continuous,  is  interrupted  by  pools  which  are  formed 
along  the  concave  shore. 

In  accordance  with  these  principles  the  surface-slope  is  determined. 
The  latter  is  the  exj^ression  for  the  transporting  power  of  the  water. 
The  water  enters  the  bend  with  a  surplus  of  energy  and  leaves  it  with 
a  deficiency  of  the  same.  Above  the  bend,  therefore,  the  surface-slope 
is  greatest;  in  the  bend  it  is  used  up  in  the  formation  of  eddies.  The 
lost  fall  is  restored,  however,  by  the  raising  of  the  surface  of  the  water 
caused  by  the  rising  bed  or  dam  below  the  bend. 

Now,  bearing  in  mind  the  assumption  of  a  constant  volume,  and, 
also,  that  no  sediment  is  brought  into  the  stream  from  outside,  when 
is  the  attainment  of  stability  in  the  conformation  of  the  channel 
formed  by  the  stream  itself  to  be  expected?  Evidently  this  is,  in 
general,  when  the  energy  at  the  entrance  to  the  concave  side  has  be- 
come equivalent  to  the  resistance  of  the  bed  and  shore  against  erosion. 
Assuming  that  the  stream  is  left  to  itself,  equilibrium  between  the 
scouring  action  of  the  water  and  the  resistance  of  the  bed  is  only 
attainable  by  the  independent  diminution  of  the  former.  With  a 
uniform  discharge,  such  a  result  is  only  possible  by  a  lessening  of  the 
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velocity.  This  depends  upon  the  assumed  uniform  friction  on  the 
perimeter,  and  upon  the  size  and  form  of  the-  cross-section,  as  well  as 
upon  the  fall. 

Under  the  assumption  that  the  shore  and  bed  jjossess  the  same 
firmness,  the  one-sided  deepening  of  the  concave  bank  and  its  simul- 
taneous caving  in,  will  change  its  position  continually.  Hence,  the 
eddies  causing  the  deepening  will  not  attack  the  same  part  of  the  bed 
long  at  a  time,  so  that  the  sharpening  of  the  curve  limits  the  depth  of 
scour.  The  length  of  the  stream  increases  at  the  same  time  with  an 
increase  in  curvature,  that  is,  the  relative  fall  of  the  water-surface,  and 
hence  its  transporting  power  decreases.  "Under  these  assumptions, 
equilibrium  must,  within  a  certain  time,  be  established  through  this 
play  of  forces. 

In  order  to  approach  more  nearly  the  truth,  let  us  now  assume 
that  the  volume  of  water  which,  until  now,  we  have  considered  con- 
stant, by  which  perfect  equilibrium  may  have  been  attained,  receives 
an  increase.  The  equilibrium  instantly  ceases.  The  contour  of  the 
bed  has  adapted  itself  to  the  action  of  a  smaller  volume  of  water.  The 
action  on  the  bed  and  shore  must  therefore  increase  with  rising  water 
and  the  additional  energy.  It  is  obvious  that  the  places  first  dis- 
turbed will  be  those  which  came  to  rest  the  last,  i.  e.,  the  bed  and 
shore  on  the  concave  side,  assuming  as  before  that  there  exists  no 
artificial  protection,  and  that  they  are  therefore  open  to  all  action  of 
the  water. 

When  the  water  rises  still  further,  the  ridges  of  the  bed  separating 
the  pools  will  come  into  motion.  The  bed  is  about  to  change  its 
form,  and,  moreover,  for  such  time  and  in  such  manner  that  it  at  last 
adapts  itself  to  the  increased  scouring  action  of  the  high  water.  If, 
therefore,  the  high  water  lasts  long  enough,  the  result  here  must  also 
be  a  condition  of  stability  in  the  bed  of  the  stream. 

If  the  water  falls  again,  energy  is  lost.  If  we  suppose  a  state  of 
equilibrium  reached,  and  if  the  high  water  finally  finds  a  bed  which  can 
withstand  its  attacks,  the  diminished  current  will  be  yet  more  power- 
less to  alter  the  form  and  size  of  the  bed.  By  the  high  water,  too  large  a 
bed  has  been  prepared  for  the  lower  stage.  Consequently,  an  excess  of 
energy  is  developed  which  is  afterwards  absorbed  by  eddies;  then,  in 
consequence  and  in  place  of  this  by  the  erosion  of  the  bed  and  shore, 
the  low  water  scours  for  itself  a  serjjentine  channel  in  the  high-water 
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conduit,  until  such  time  as  the  excess  of  energy  caused  by  the  dimin- 
ished fall  shall  have  been  entirely  consumed. 

Now,  it  is  erroneous  to  suppose  that  in  Nature  the  high  water  will 
last  until  the  bed  has  become  stable  under  its  action.  On  the  con- 
trary, during  the  state  of  high  water,  just  because  it  does  not  last  long 
enough,  the  whole  bed  is  in  motion,  the  deposits  assuming  different 
velocities  forward  depending  on  their  size,  form  and  weight.  The 
heaviest  slide  or  roll  along  the  bottom  ;  the  lighter  ones  are  carried 
in  suspension  down  the  valley. 

With  falling  water  the  energy  decreases.  Then  the  scouring  of  the 
bed  ceases,  as  a  greater  force  is  necessary  to  tear  the  material  loose 
from  its  resting  place  than  is  required  to  transport  the  material  already 
loosened.  The  stream  now  carries  sediment  only.  Gradually,  with 
the  falling  water,  it  loses  this  power  also,  and  the  sediment  comes  to 
rest.  The  place  of  deposit  is  usually  independent  of  the  shape  of  the 
stream.  At  a  certain  instant,  when  the  water  has  fallen  so  far  that  it 
has  not  the  required  energy,  the  sediment  falls,  or  remains  where  it 
happens  to  be  at  the  time. 

Here  the  fact  is  to  be  noted,  that  a  separation  of  the  sediment  ac- 
cording to  its  weight  takes  jslace  in  such  a  way  that,  where  there  is 
the  strongest  current,  the  heaviest  material  is  set  in  motion;  while  in 
places  where  there  is  less  current,  especially  where  free  from  eddies, 
only  the  lighter  material  is  set  in  motion.  With  falling  water,  there- 
fore, it  is  not  always  the  heaviest  sediment  that  is  deposited,  but,  as, 
for  example,  where  both  convex  and  concave  banks  occur,  both  light 
and  heavy  matter  at  the  same  time.  But,  while  all  movement  of  sedi- 
ment ceases  very  soon  on  the  convex  side,  there  occurs  on  the  concave 
side,  on  account  of  internal  motions,  a  transport  of  such  lighter  ma- 
terial as  has  already  come  to  rest  on  the  convex  side.  Only  when  this 
material  is  carried  by  the  eddies  from  the  concave  to  the  neighboring 
convex  side  does  sedimentation  take  place.  The  new  condition  of  re- 
pose in  the  stream-bed  occurs  only  with  the  cessation  of  all  motion  in 
the  material  on  the  concave  side.  Then  the  stream,  which  at  high 
water  has  usually  a  more  direct  course,  and  therefore  a  greater  and 
correspondingly  less  changeable  fall,  has  been  transformed  into  a  low- 
water  stream  with  sharper  curves,  and  hence  more  variable  fall,  and 
generally  (on  account  of  the  increased  length  of  the  stream)  of  dimin- 
ished fall. 
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If  a  tributary  enters  tlie  stream  at  any  point,  we  have  to  deal  Tvitli 
two  reaches  of  the  river  of  different  nature,  divided  by  the  point  of 
confluence.  The  lower  reach  receives  an  addition,  both  in  the  volume 
of  water  and  also  of  eroded  mineral  matter.  The  energy  at  the  con- 
fluence must  necessarily  be  changed,  and  will  be  greater  or  less, 
according  as  the  tributary  carries  resiiectively  more  water  or  more 
roineral  matter.  In  the  first  case,  the  surplus  energy  is  dissipated  by 
a  scouring  out  of  the  bed  and  lowering  of  the  surface,  and  a  reduction 
of  the  slope  below  the  jjoint  of  intersection  occurs  which  is  connected 
with  the  slope  above  by  a  line  of  greater  sloj)e.  In  the  second  case, 
the  preponderance  of  mineral  matter  brought  from  the  tributary  pro- 
duces an  increased  resistance  which  the  existing  energy  is  insufficient 
to  overcome.  This  can  only  be  effected  by  a  rise  of  the  water  above, 
by  which  the  greater  fall  necessary  to  produce  the  moving  power  is 
brought  about.  The  line  of  slope  shows  a  rise  at  the  mouth  of  the 
tributary. 

There  is  less  necessity  for  fall  with  an  increasing  volume  of  water, 
assuming  a  similar  construction  of  the  bed.  In  reality  the  volume  is 
increased  only  spasmodically  in  consequence  of  additions  from  tribu- 
taries, but  it  is  constantly  augmented  by  the  ground  water.  This 
plays  an  imi^ortant  part,  at  least  so  long  as  the  ground  water  entering 
at  the  sides  is  under  a  higher  pressure  than  that  in  the  channel.  The 
pressure  of  the  latter  is  measured  by  a  column  of  water  with  a  height 
equal  to  the  distance  from  the  bed  of  the  stream  to  the  surface,  and 
hence  it  decreases  with  a  fall  of  the  water.  In  general,  therefore,  this 
subterranean  feeding  will  take  place  chiefly  during  low  water  ;  while, 
on  the  contrary,  during  a  high  stage,  when  the  stream  is  under  greater 
pressure,  it  is  forced  into  the  subsoil  at  the  bottom  and  sides.  This 
phenomenon  is  in  so  far  important,  as  by  the  coming  forth  of  the 
ground  water  during  a  lower  stage  the  stability  of  the  bed  is  lessened, 
but  is  increased  at  high  water.  In  the  first  case,  the  bed  will  become 
loosened  and  its  mobility  increased  ;  in  the  last  case  it  is  lessened.  By 
the  motion  of  the  molecules  from  top  to  bottom,  or  fi'om  bottom  to  top; 
fresh  disturbances  of  the  flow — new  energy-consuming  eddies — are  pro- 
duced, a  factor  entirely  passed  over  in  previous  "  rational  theories  " 
of  the  motion  of  water  in  natural  water-courses  ! 

The  foregoing  explanation  demonstrates  without  further  argument 
that  if  the  bed  of  a  stream  for  the  entire  distance  were  composed  of 
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similar  material,  the  slope  of  the  surface  would  decrease  at  sucli 
a  stage  as  would  render  jjossible  the  feeding  of  the  stream  by  ground 
water,  /.  e.,  generally,  during  low  water.  Under  these  conditions, 
however,  a  continual  alternation  of  greater  and  lesser  slope  exists 
in  reality,  by  reason  of  this  constantly  decreasing  fall,  corresponding 
to  the  pools  and  bars  ;  greater  and  lesser  depths  following  and 
limiting  one  another  caused  by  the  bends.  Evidently,  this  change 
will  bo  more  marked  the  lower  the  water,  and,  vice  versa,  it  will  be  less 
so  the  higher  the  water  rises.  But  even  if  we  sui:)pose  that  the  stream 
had  to  overcome  similar  material  for  its  entire  length,  a  decrease  of 
slope  after  any  continuous  bend  would  be  quite  impossible  with  the 
discharge  of  tributaries,  while,  as  we  have  seen,  every  such  mouth 
must  necessarily  cause  a  change  of  slope.  This  impossibility  is  the 
more  marked  as  our  water-courses  flow  in  beds  whose  inclination,  on 
the  whole,  depends  upon  the  uneven  and  lawless  slope  of  the  earth's 
surface,  in  beds  which  present  a  very  variable  resistance,  on  account 
of  the  materials  forming  them.  "We  speak  here  without  reference  to 
those  places  where  the  action  of  erosion  is  not  yet  complete,  where 
therefore  the  bed  is  not  formed  by  alluvial  deposits  brought  to  rest. 
We  find  such  places,  for  example,  where  solid  ledges  of  rock  crossing 
the  stream  produce  a  raising  of  the  bed,  which,  it  is  true,  must 
eventually  disappear  through  the  eroding  action  of  the  water,  but  this 
will  not  occur  for  the  jjeriods  of  time  practically  in  question.  Such 
places  always  produce  a  break  in  the  slope,  and,  moreover,  a  reduction 
above  and  an  increase  below. 

Now,  we  usually  find  toward  the  mouth  a  reduction  in  the  volume 
of  deposit,  so  that,  for  this  reason,  the  necessity  of  a  fall  decreases 
towards  the  mouth.  But  this  reduced  deposit  undergoes  just  as  much 
change  of  place  as  the  surface-slope  of  the  stream.  The  opinion  is 
maintained  by  the  writer  that  in  finished  reaches  of  rivers  only  a  small 
part  of  the  deposits  carried  down  stream  reaches  the  mouth  ;  that, 
rather,  the  greater  j^art  remains  forever  motionless  in  the  bed  of  the 
river  at  a  comparatively  short  distance  from  its  original  location. 
Therefore,  there  is  but  a  small  j)art  of  the  stony  dejjosit  present  in  the 
region  at  the  mouth  of  completely  finished  rivers,  which  is  not  the 
product  of  the  continuous  attrition  which  the  loose  material,  coming 
into  the  river  above,  receives  on  its  way  down  stream.  The  greatest 
portion    of    these    deposits    is     formed    from,    and    corresponds    in 
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size  exactly  to,  the  component  parts  of  the  diluvial  and  alluvial  de- 
posits which  have  been  formed  in  previous  times,  and  which  form  the 
depths  crossed  by  the  current.  It  is  not  in  opposition  to  this  theory 
that  our  large  rivers  annually  carry  immense  quantities  of  mud  and 
fine  sand  into  the  sea.  Every  loose  particle  which  comes  into  the 
stream  suffers  a  rubbing  off,  if  ever  so  slight,  in  its  motion  down  stream, 
the  product  of  which  forms  a  part  of  this  mud.  Besides  this,  the  rain 
and  high  water  flowing  from  the  vegetable  mold  bring  mud  to  the 
streams  continually,  which  is  carried  in  suspension  to  the  sea.  Only 
in  streams  or  portions  of  streams  in  which  the  work  of  ercr.ion  is 
not  yet  fully  developed,  has  the  energy  not  yet  been  brought  into 
equilibrium  with  the  resistance  of  the  bed.  On  account  of  the  exces- 
sive fall,  the  energy  is  in  preponderance  ;  the  desired  equilibrium  can 
only  be  attained  by  lessening  the  fall,  /.  e.,  through  a  progressive 
scouring  out  of  the  bed,  increasing  from  below  upward.  The  loosened 
deposits  are  evidently  transported  for  the  whole  distance  where  the 
whole  bed  is  in  a  state  of  erosion,  and  only  come  to  rest  below  the 
same.  The  deposits  form  a  ridge  down  stream  in  the  bed  of  the  reach, 
which  is  made  apparent  by  a  backing  up  of  the  water,  i.  e.,  a  lessening  of 
the  slope  up  stream.  Therefore,  we  have  in  succession  three  character- 
istic reaches  in  the  course  of  the  stream.  In  the  first  place,  an  upper 
one  in  which  erosion  is  not  yet  complete,  where  transportation  exceeds 
subsidence ;  a  middle  neutral  reach  where  transportation  equals 
subsidence,  and  finally,  the  lowest,  where  subsidence  is  greater  than 
transportation.  If,  now,  there  is  always  a  sufficient  volume  of  water 
for  the  formation  or  maintenance  of  a  certain  energy,  an  uninterrupted 
transportation  of  deposit  in  the  two  upper  reaches  will  occur.  In  con- 
sequence of  the  erosion  of  the  bed  in  the  upper  reach,  this  transporta- 
tion must  continually  diminish,  as  in  connection  with  the  raising  of 
the  bed  below,  which  occurs  at  the  same  time,  a  lessening  of  the  slope 
takes  place,  which  is  checked  as  soon  as  the  resistance  of  the  bed  be- 
comes equal  to  the  transporting  power  developed  by  the  fall. 

In  completed  reaches  of  the  stream,  a  condition  of  equilibrium  exists 
which  is  temporarily  disturbed  only  at  high  water  ;  in  the  unfin- 
ished ones  that  condition  is  approximately  reached.  In  the  first 
case,  the  river  flows  on  its  own  alluvion  ;  in  the  latter,  on  a  bed  which 
is  always  deepening.  Here  the  deposits  on  the  bed  suffer  a  change  of 
position,  which  occurs  within  limited  bounds  of  both  time  and  space ;, 
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only  that  portion  of  the  deposits  which  forms  the  upper  stratum  of 
the  bed  receives  anew  an  impetus  down  stream  at  every  high  water.  It 
remains  at  rest,  therefore,  between  every  two  periods  of  high  water, 
and  hence  a  long  interval  of  time  is  required  before  this  portion 
reaches  the  mouth  of  the  stream.  Hence,  this  portion  yields  reluc- 
tantly to  the  eroding  action  of  the  water  and  the  disintegration  by 
attrition  caused  by  miitual  contact  during  transportation.  In  unfin- 
ished reaches  of  rivers  all  sediment  that  is  set  in  motion  must  traverse 
the  entire  distance  in  which  erosion  occurs.  It  naturally  undergoes 
a  gradual  decrease.  But  it  must  be  emphasized  that  this  law  of  the 
"wandering  "  of  dejjosits  and  the  lessening  of  it  (when  extended  to  all 
deposits)  is  true  only  of  unfinished  stretches  of  river.  It  should  not 
be  generalized  of  finished  rivers,  as  is  usually  the  custom  at  present, 
and  against  which  G.  Hagen  has  already  raised  an  important  protest. 
The  deposits  occurring  in  finished  water-courses  are  but  partially  pro- 
ducts by  attrition  of  deposits  formed  in  the  upper  part  of  the  stream. 
They  are,  for  the  most  part,  products  of  the  crumbling  away  of  the 
banks  of  the  same  part  of  the  stream  in  which  they  are  found.  The 
fact  that  both  sediment  and  material  rolled  along  the  bottom  are 
actually  found  in  the  lower  portions  would  seem  to  contradict  this, 
but  these  are  doubtless  brought  into  the  stream  at  points  far  above  the 
stretch  undergoing  erosion. 

It  is  unfortunate  that  no  reliable  observations  have  been  made 
which  could  help  solve  the  very  important  questions  relating  to  the 
origin,  the  course  and  the  final  resting  place  of  deposits.  The  impos- 
sibility of  following  the  silt  wdth  the  eye  during  its  wanderings  prevents 
the  observation  and  investigation  of  these  transactions  in  Nature.  It 
can  only  be  confirmed  by  such  observation  as  that,  for  example,  a 
bank  of  deposit  either  retains  its  position  permanently,  or  after  a  cer- 
tain time  has  disappeared  from  a  given  place.  It  is  only  a  supposition, 
not  yet  proved,  that  the  bank  of  deposit  newly  formed  down  stream  is 
formed  of  the  same  material  as  that  which  has  meanwhile  disappeared, 
having  been  loosened  by  the  action  of  the  water ;  that,  in  other  words, 
one  and  the  same  bank  has  changed  its  place.  In  order  to  make  this 
last  an  incontestable  fact,  one  would  have  to  bring  forward  proof  that 
the  deposits  forming  the  second  bank  are  indeed  the  same  as  those 
composing  the  first.  This  hint  is  all  that  is  necessary  to  show  the 
impossibility  of  a  positive  demonstration  in  Nature. 
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Therefore,  nothing  remains  but  to  experiment  on  a  small  scale  in 
order  to  throw  light  upon  the  phenomena.  For  this  jjurpose  the 
author  has  built  a  flume  of  zinc  in  the  hydraulic  laboratory  of  the 
Technical  High  School  of  Dresden.  Clean  sand  of  uniform  size,  but 
of  various  characteristic  colors,  was  put  into  this  flume  in  such  a  man- 
ner that  colored  alternated  with  colorless  sections,  the  location  of  each 
of  which  was  accurately  established  by  measurement  before  being  put 
in.  A  certain  volume  of  water  taken  from  the  city  supply  was  led 
through  the  flume  in  a  steady  stream,  and  the  sand  was  set  in  motion 
by  a  certain  inclination  of  the  flume.  It  then  became  apparent  that  a 
movement  of  the  sand  along  the  whole  distance  occurred  only  when, 
by  a  comparatively  great  inclination  of  the  flume,  erosion  of  the  sand- 
bed  was  efi'ected.  If  the  flume  was  given  a  smaller  slope  with  a  cer- 
tain quantity  of  water  and  therefore  a  certain  energy,  only  eddies  were 
formed  along  the  concave  shore,  which,  as  was  mentioned  in  the  begin- 
ning, set  bed  and  shore  in  as  tate  of  attack.  The  loosened  grains  of  sand 
acquired  but  a  slight  motion  down  stream  ;  they  were  precipitated, 
forming  ridges  which  crossed  the  bed  in  arcs  closing  down  stream,  and 
in  the  shape  of  banks  which  were  formed  in  the  convex  parts.  After 
awhile,  complete  repose  was  reached  in  the  sandbed — a  sign  that 
equilibrium  between  the  bed  and  the  forces  of  the  stream  was  reached. 
More  water  was  now  introduced.  The  eddies  in  the  jjools  again 
showed  their  effect  in  loosening  and  transporting  the  sand.  The  jjools 
and  inroads  on  the  banks  became  deeper  and  wider;  the  loosened 
material  came  to  rest,  rolling  over  and  then  covering  the  dejiosits  of 
the  lower  stage,  and  a  new  state  of  equilibrium  was  established.  As 
the  volume  of  water  was  diminished,  the  serpentine  formation  of  the 
low-water  bed  inside  the  more  direct  high-water  channel  took  place. 
But  the  contour  of  the  channel  hai  already  conformed  itself  to  the 
energy  of  the  high  water,  so  that  when  a  greater  quantity  of  water  was 
again  admitted,  the  effect  of  the  increased  energy  was  only  apparent 
in  the  obliteration  of  the  low- water  formation  by  a  slight  and  evanes- 
cent change  of  place  in  a  small  jiortion  of  the  upper  layers. 

Numerous  and  careful  experiments  confirmed  the  fact  that  the 
characteristic  traits  of  "finished  streams  are,  that  the  surface-slope 
is  in  equilibrium  with  the  shape  and  size  of  the  bed,  so  that  usually 
its  form  is  in  a  state  of  rest,  out  of  which,  however,  it  is  aroused  at 
times  when  by  a  higher  stage,  a  temporary  disturbance  of  the  equilib- 
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rium  occurs,  in  consequence  of  tlie  increased  flow  of  water.  In  finished 
streams  the  moving  power  of  the  water  undergoes  no  alteration  with 
the  same  quantity  of  water,  when  disintegration  is  impeded  by  pro- 
tecting the  banks.  With  tmfinished  reaches  the  moving  power  con- 
stantly decreases  with  the  steady  decrease  of  slope. 

When  there  arises  the  problem  of  regulating  a  river  in  the  interests 
of  navigation,  /.  e.,  subjecting  it  to  constructive  treatment,  without  a 
loss  of  its  natural  characteristics,  one  must  from  the  beginning  pre- 
clude from sqich regulation  the  "unfinished "  reaches  last  characterized. 
Regulation  can  only  be  successful  in  the  case  of  "finished"  reaches. 
Unfinished  reaches  can  only  be  changed  to  a  state  of  permanency  with 
a  stable  bed,  by  canalization.  A  well-known  example  of  an  "unfinished  " 
reach  is  the  upper  Rhine  from  Basle  to  Mannheim.  Here  the  profile 
corresponding  to  a  condition  of  equilibrium  is  not  attained,  as  is 
evident  by  the  ceaseless  and  progressive  lowering  of  the  bed.  Hence, 
we  find  here  a  constant  transportation  of  sediment  down  stream.  It  is 
true  that  erosion  has  been  artificially  developed  by  the  marked 
shortening  of  the  stream,  which  formerly  had  many  windings.  Only 
when  the  deepening  of  the  bed  has  ceased,  can  further  regulation  lead 
to  improved  navigability. 

Navigation  has  to  contend  with  two  principal  evils:  sharp  bends, 
and  lack  of  dejDth  in  the  channels.  We  have  explained  how  they  in- 
fluence and  depend  upon  each  other.  We  have  seen  that  these  ir- 
regularities, the  removal  or  at  least  the  alleviation  of  which  appears 
necessary  in  the  interests  of  navigation,  are  indicated  by  a  variation 
in  the  surface-slope.  As  we  regulate  the  latter,  we  regulate  the  stream 
itself.  On  the  whole,  however,  one  cannot  alter  the  fall  between  given 
limits,  as  this  has  been  produced  in  such  a  manner  as  to  correspond  to 
the  natural  features  of  the  stream.  One  can  only  remove  the  local 
irregulai'ities  in  the  fall,  /.  e.,  effect  a  local  adjustment  of  the  surface 
slope  within  these  limits.  As  the  irregularities  in  the  fall  are  a  maxi- 
mum at  the  lowest  stage  of  water,  we  may  doubtless  consider  them  as 
caused  by  the  latter.  If  the  slope  is  adjusted  for  low  water,  then,  in 
a  uniform  and  rationally  formed  channel,  this  will  also  obtain  with 
higher  stages  of  water. 

Before  we  can  consider  the  treatment  of  a  low-water  channel  how- 
ever, the  "finishing  "  of  that  part  of  the  channel  above  the  low-water 
line  must  be  completed — the  conditions  of  the  river-bed  must  have 


214  ENGELS  ON  NAVIGABILITY  OF  RIVERS. 

adapted  themselves  to  the  change  of  energy  caused  by  this  finishing. 
The  considerations  upon  which  this  finishing  depends  are — entirely  iu 
the  interests  of  the  regulation  of  rivers — the  following  : 

As  the  river  has  an  excess  of  energy  during  high  water,  everything 
is  to  be  avoided  in  finishing  the  high-water  profile,  which  would  pro- 
duce  an  increase  of  energy.  A  change  of  form  into  narrower  and  r 
deeper  ones  of  such  natural  high-v;ater  channels — which,  as  they  have 
adapted  themselves  to  the  energy  of  high  water,  suffer  but  slight 
changes  during  that  stage — is  always  connected  with  unfortunate 
results;  because,  on  account  of  the  increased  energy,  there  occurs  an 
increased  scour  of  the  bed;  and  because,  therefore,  large  quantities  of 
sediment  are  set  in  motion.  It  is  true  that  in  this  way  an  energetic 
deepening  of  the  channel  takes  place  during  high  water,  but  after  the 
high  water,  the  sediment,  which  was  in  motion,  settles,  forming  again, 
if  not  increasing,  the  irregularities  of  the  bed.  But  navigation  has 
always  sufficient  depth  at  high  water  ;  therefore,  the  deepening  of  the 
channel  is  of  no  value,  being  temporary  and  occurring  only  at  high 
water.  Where,  therefore,  it  is  necessary  to  build  high-water  dikes  in 
the  interest  of  agriculture,  the  river  may  be  expected  to  show  changes 
after  the  high  stage  ;  they  are  the  inevitable  and  natural  results  of  the 
excessive  increase  of  energy  at  high  water. 

Every  water-surface  will  find  solid  banks,  at  least  at  the  places 
where  the  latter  are  attacked,  in  consequence  of  the  formation  of  the 
ground  plan  of  the  stream.  The  next  desideratum,  therefore,  is  to 
reinforce  the  banks  at  the  high  water-line,  or  to  construct  new  banks, 
strong  and  high.  Between  high  and  mean  water,  the  river  will  usually 
overflow  its  banks,  so  that,  to  a  certain  height  above  mean  water,  when 
it  is  more  or  less  full,  the  surfaces  of  its  i^rojections  determine,  for  the 
time  being,  the  lines  of  the  shore.  As  strong  currents  cannot  be 
formed  on  account  of  the  slight  depth  of  water  over  the  i^rojections  of 
the  shore,  the  requisite  protection  usually  consists  in  a  covering  of 
grass  and  other  plants.  Only  where  gi-asses,  etc. ,  do  not  flourish  is  it 
necessary  to  protect  the  shore  by  traverses,  which  should  be  finished 
off"  at  the  level  of  the  projection  of  the  shore. 

Where  a  stream  is  left  to  itself,  the  mean-water  shore  is  formed  by 
the  natural  boundaries  of  the  true  channel.  "WTiere  a  stream  is  to  be 
regulated,  we  must  endeavor  to  j^roduce  a  uniform  channel,  where 
possible,   by  obstructing  the  subsidiary  channels,  so  that   for   mean 
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water  it  will  be  impossible  to  avoid  building  new  artificial  banks  at 
certain  places.  These  must  be  constructed  by  strengthening  in  lines 
which  lead  to  a  uniform  channel,  and  which,  moreover,  are  connected 
with  the  existing  natural  lines  where  possible,  so  that  they  will  be  in- 
sured against  disintegration,  where  such  a  thing  is  to  be  expected  on 
account  of  the  ground-jjlan  of  the  channel.  These  lines  are  also  de- 
pendent upon  the  relative  distance  apart  to  be  given  the  banks  during 
mean  Avater. 

As  but  one  definite  relation  exists  between  the  discharge  of  water, 
the  size  and  shape  of  the  cross-section,  the  surface-slope  and  the  char- 
acter of  the  bed,  for  the  condition  of  equilibrium;  and  as  this  relation 
cannot  be  determined  theoretically  because  of  our  ignorance  of  the 
laws  controlling  the  interdependence  of  the  very  intricate  motions  of 
flowing  water,  especially  as  in  a  state  of  Nature  we  have  always  to  deal 
with  a  variable  velocity  i^rodueed  principally  by  internal  motions  ; 
therefore,  empirical  methods  are  here  best,  saving  one  from  more  dis- 
apijointmeats  than  the  most  jsrofound  speculation.  "All  theories 
assume  an  impossible  stream,"  says  Lechalas.  Weber  von  Ebenhof 
expresses  in  a  most  apt  way  what  is  to  be  done  :  "The  correctness  of 
the  cross-section  is  controlled  by  the  true  relation  between  the  width 
of  the  channel  and  the  dej^th  of  water  in  it  ;  a  relation  which  one 
learns  best  from  the  careful  study  of  the  natural  profiles  of  unregu- 
lated rivers." 

We  may  expect  profiles  to  remain  stable  if  we  always  employ  good 
natural  profiles  on  reaches  of  similar  regimen,  only  when  the  original 
conditions  under  which  they  have  been  formed  and  maintained  are 
everywhere  the  same. 

The  reaches  which  are  well  formed  under  the  influence  of  the 
stream  left  to  itself,  and  which  remain  well  formed,  always  lie  in  such 
a  manner  that  they  are  traversed  by  high  and  mean  water  in  exactly 
the  same  dii-ection.  This  is  only  possible  when  that  part  of  the  for- 
mation which  is  above  high  water  is  uniformly  protected,  jjreventing 
the  breaking  through  of  the  banks  at  high  water  ;  or  where  the  water 
breaking  through  at  a  high  stage  does  not  deviate  from  the  direction  of 
the  mean  water  current.  Such  a  section  occurs  usually  at  the  apex  of  the 
concave  bank  and  in  such  straight  reaches  as  lie  in  the  same  direction  as 
the  current  of  the  eroding  high  water.  In  all  such  reaches  the  opera- 
tions of  the  high  and  mean  water  support  each  other  ;  they  are  em- 
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phatically  reaches  of  erosion  in  so  far  as  the  channel  has,  on  account 
of  this  co-operation,  buried  itself  comparatively  deep  They  are,  for 
the  most  part,  therefore,  reaches  with  a  relatively  weak  fall  which  is 
smaller  than  the  adjusted  fall  which  is  to  be  attained  at  that  place 
under  the  most  favorable  conditions.  Above  and  below  that  reach 
which  has  been  well  formed  by  Nature,  breaks  in  the  slope  are  found. 
When  we  construct  uniformly  a  mean-water  width  peculiar  to  this 
reach  on  reaches  of  like  regimen — e.  g. ,  from  conjfluence  to  confluence 
— the  reach  so  treated  will  receive  a  certain  degree  of  improvement, 
for  as  it  becomes  narrower  an  increase  in  velocity  obtains.  There 
results  an  unbalanced  increase  of  energy,  and,  in  consequence,  a  tem  - 
Ijorary  disturbance  of  the  equilibrium  between  the  eroding  jiower  of 
the  water  and  the  resistance  of  the  bed,  which  will  only  cease  when 
the  energy  is  reduced  to  its  original  value.  But  this  is  only  jiossible 
through  the  scouring  and  deepening  of  the  bed,  as  in  only  that  way  is 
a  diminution  in  the  fall  i^roduced,  corresponding  to  the  lessened 
necessity  for  fall  on  account  of  the  more  jiroijitious  jDroflle  formed, 
which  we  now  find.  A  reduction  of  the  fall  can  only  be  attained  by  a 
lowering  of  the  up-stream  water-surface.  If  the  regulated  reach  joins 
one  naturally  well  formed  below  the  latter,  then  the  fall  of  the  natural 
reach  will  necessarily  increase,  and  there  will  be  also  in  the  regulated 
section,  as  a  result  of  regulation,  a  lowering  of  the  water-surface  and  a 
reduction  of  depth.  If  the  regulated  reach  lie  above  the  typical  natural 
reach,  the  original  conditions  under  which  the  latter  has  been  formed  will 
also  be  changed.  The  fall  in  the  regulated  reach  will  be  reduced  by  a 
lowering  of  the  surface,  and  the  water  will  enter  the  natural  reach  with 
an  energy  less  than  that  existing  previously.  The  internal  movements 
causing  a  deepening  of  the  bed  are  develojjed  less  in  the  natural  reach 
than  before  ;  the  deposits,  loosened  by  the  scouj'ing  of  the  bed  in  the 
regulated  reach,  come  partly  to  rest  in  the  natural  reach,  raising  the 
surface  of  the  bed.  This  causes  a  raising  of  the  water-surface  in  the 
natural  reach  above,  and  an  increase  in  the  relative  fall  below. 

It  is  evident  that  we  cannot  develop  good  natural  profiles  uniformly 
by  regulation  which  consists  in  entirely  restricting  the  width.  The 
ultimate  effect  of  such  regulation  is,  and  can  only  be,  that  the  line  of 
slope,  which  was  at  first  broken,  is  changed  to  one  of  more  uniform 
slope.  At  the  same  time  the  reaches  well  formed  by  Nature  necessarily 
undergo  a  diminution  of  depth.     The  depth  to  be  attained  will,  there- 
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fore,  always  be  less  than  with  such  good,  natural  profiles.  "We  may 
approximately  determine  beforehand  the  depths  to  be  attained  during 
mean  water,  by  careful  and  numerous  measurements  of  the  cross-section 
and  leveling  of  the  watei'-surface,  and  then  determining  the  diflference 
between  the  new  line  of  slojje  which  obliterates  the  irregularities  in 
the  fall  and  the  adjusted  bed.  These  operations  are  only  admissible 
and  sufficient  for  such  reaches  as  are  traversed  at  high  water  in  a  direc- 
tion parallel  to  that  at  mean  water.  "Where  the  two  directions  deviate 
from  one  another — and  this  is  the  case  for  all  passages  from  one  shore 
to  the  other — a  restriction  of  the  width  at  the  height  of  mean  water 
will  not  result  in  any  marked  deeisening,  because  the  jiassages  crossing 
at  high  water  would  detrimentally  affect  their  action  at  mean  water. 
This  is  different  in  the  concave  bends.  Here,  the  mean  and  high  water 
assist  each  other  and  the  deepening  is  permanent.  The  difference  be- 
tween the  excessive  depths  in  the  concave  bends  and  the  shoals  in  the 
passage  is  greater  than  before.  The  variations  in  the  fall  of  a  serpentine 
stream  remain,  in  general,  unchanged.  At  all  events,  the  full  effect  of 
the  increased  depth  is  of  small  account,  because  the  bed  and  surface 
of  the  water  are  lowered  simultaneously,  so  that  the  gain  in  depth  is 
only  the  difference  between  these  lowerings,  which  lander  certain  con- 
ditions may  equal  zero. 

The  establishment  of  a  narrower  uniform  mean-water  bed  gives  the 
advance  flood  an  especial  advantage,  as  the  water  cuts  out  a  deeper 
channel.  In  the  more  deeply  cut  channel,  however,  the  irregularities 
in  the  slope  at  low  water  remain,  in  general,  the  same  as  before. 
Therefore,  completion  of  regulation  only  by  restricting  the  width  of 
the  mean-water  bed  will  not  furnish  that  degree  of  navigability  which 
may  be  attained. 

When,  on  the  other  hand,  the  advocates  of  this  system  point  to  the 
results,  substantiated  by  figures,  which  have  been  actually  achieved  in 
many  rivers,  we  have  to  say  that  these  results  were  quite  inevitable, 
because  they  selected  for  regulation,  rivers  wholly  uncontrolled,  with 
many  islands,  branches,  etc. ,  and  because  in  jilace  of  the  channel,  which 
was  split  up  into  many  branches,  they  provided  a  uniform  conduit  by 
the  obstruction  of  the  branches,  in  which,  naturally,  a  much  greater 
depth  must  obtain  than  in  the  original  stream.  If,  however,  a  river  is 
regulated  in  this  way,  a  decided  increase  in  the  depth  by  further  re- 
striction of  the  width  cannot  be  brought  about.     The  wilder  a  stream 
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is,  the  easier  it  is  to  accomplish  great  results  by  regulation  with 
restriction  of  width;  but  the  more  a  uniform  water-course  is  formed  by- 
building  out  the  banks  and  obstructing  the  side  channels,  the  harder 
it  is  to  attain  a  greater  depth  by  a  further  application  of  the  system  of 
the  restriction  of  width.  It  is  easier  to  make  a  wild  river  double  its 
depth  than  to  deepen  a  regulated  river  by  a  few  centimeters. 

The  mean-water  shores  extend  into  the  stream-bed  either  with  a 
comparatively  uniform  slope — this  being  the  case  with  concave  shores 
which  should  be  built  out  with  the  flattest  possible  slope — or,  at  the 
convex  shores,  a  flat  bed  of  sediment  is  deposited,  either  directly  or 
indirectly,  at  a  comparatively  slight  dejith.  As  the  upper  surfaces  of 
convex  shores  are  exposed  to  the  injurious  cross-currents  of  the  higher 
floods,  they  are  to  be  reinforced  by  traverses  whose  strengthened  tops 
do  not  rise  above  the  surface  at  the  highest  point,  but  project  in  a 
gentle  and  uniform  slope  out  into  the  stream-bed.  These  traverses, 
which  are  to  be  firmly  connected  at  the  land  end  ■ndth  the  mean- water 
shore,  bound  the  low-water  shore,  which  follows  here  the  natural 
ground-plan  of  the  beds  of  dej^osit,  at  low-water  level;  but  at  the  same 
time,  the  irregular  boundaries  of  the  latter  are  to  be  evened  off  by  the 
most  easy  and  regular  curves.  Reinforcement  of  the  steep  concave 
shores  completes  the  protection  of  the  shore  in  the  curve.  The  low- 
water  width,  which  is  here  jsresent  and  protected,  is  to  be  completed 
uniformly.  A  further  restriction  of  the  width  of  the  low- water  bed, 
assuming  that  such  would  not  hinder  navigation,  would  lead  to  a 
double  profile  for  mean  water,  a  form  not  assumed  by  good  natural 
mean- water  profiles,  which  latter  should  be  striven  for,  and  reached 
under  favorable  conditions. 

The  bottom  of  the  channel  will  still  show  a  succession  of  laools  and 
shoals  corresponding  to  the  conformation  of  the  ground  plan.  We 
have  only  procured  a  channel  as  uniform  as  possible  whose  shores  are 
protected  against  the  attacks  of  floods  rising  above  low  water.  The 
real  work  of  regulation  is  now  to  be  undertaken,  the  removal  of  the 
irregularities  in  the  fall.  Here  we  must  establish  an  increase  of  fall 
over  the  jiools,  and  at  the  same  time  a  decrease  of  the  same  at  the  pas- 
sages over  the  bars  below  the  pools.  This  is  to  efiect  a  greater  depth 
at  the  bars  so  that  the  inherent  energy  of  the  flowing  water  will  be 
retained  as  much  as  jjossible  while  passing  the  work-consuming  pools. 
Three  factors  are  met  in  the  bends  which  absorb  energy,  as  explained 
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in  the  be^nning:  (1)  change  of  direction;  (2)  change  of  form,  ami, 
moreover,  an  enlargement  of  the  cross-section,  and  (3)  the  loosening 
and  transport  of  deposits.  The  change  in  direction  must,  in  general, 
be  retained.  By  flattening  the  curves,  which  are  too  sharp,  the  effect 
of  (1)  can  be  diminished  by  a  small  amount.  There  remain,  therefore, 
the  artificial  influences  brought  to  bear  on  (2)  and  (3).  So  far  as  the 
former  is  concerned,  the  profile,  which  is  deepened  and  widened  on  one 
side,  is  to  be  changed  to  a  flatter  one  of  more  symmetrical  form  by 
raising  the  bottom  of  the  channel.  But,  in  order  to  render  this  new 
profile  permanent,  it  is  necessary  to  make  the  new  bed  firm.  Both  are 
to  be  attained  by  submerged  dykes,  which  must  cross  the  bed  at 
alternate  intervals  to  be  empirically  determined,  on  the  one  side  over 
to  the  traverses  jirojecting  with  a  gentle  inclination  from  the  convex 
shore,  and  on  the  other  side  connected  to  the  steep  concave  shore  at 
low-water  level  by  a  flat  slope.  The  water-surface  will  be  raised  in 
the  pools  by  this  raising  of  the  bed  and  change  of  form  in  the  cross- 
section.  As  this  raising  of  the  water-surface  approaches  the  original 
surface-line  upstream  in  an  asymptote,  as  in  a  back-water  curve,  the 
depth  of  the  water  will,  at  the  same  time,  be  increased  with  the  reduc- 
tion of  the  excessive  fall  on  the  bar  above.  This  increase  in  depth  is 
still  further  augmented  by  the  water  emerging  from  the  bend,  this 
being  jjossessed  of  a  greater  energy  than  before,  because  of  an  increased 
slope,  attacking  the  bar  in  the  bed  of  the  channel  down  stream,  and  so 
far  lowering  it  that  a  new  condition  of  equilibrium  is  formed  corre- 
sponding to  the  increa  ie  of  energy.  Should  the  strength  of  the  current 
be  insufficient  for  this,  we  can  remove  the  bars  by  dredging  the 
material  without  danger  of  its  reappearing,  as  the  cause — the  energy- 
consuming  work  of  the  pools — has  ceased  to. act.  The  loosened 
deposits  are  caught  in  the  ridges  of  the  next  pool  below,  thus  turning 
it  into  land. 

With  reference  to  the  increase  of  depth,  Ave  can  jiredict,  if  only 
approximately,  the  result  to  be  expected  under  the  most  favorable  con- 
ditions, by  starting  from  the  new  line  of  slope  which  evens  ofi"  the 
irregular  low-water  line  of  surface-slope  and  seeking  the  difference 
between  it  and  the  corresponding  adjusted  line  of  the  longitudinal 
profile  of  the  bed  at  the  thalweg.  The  latter  also  determines  the 
height  of  the  bars.  Matliomatically,  we  estimate  the  depth  d  to  be 
attained  in  the  following  manner  : 
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Assuming  the  two  known  equations — 

Q  =  w  dv (1> 

v  =  Jc  ■\/~di (2) 

in  which  d  and  v  (velocity)  are  unknown,  §  (volume  of  water)  is  to  be 
determined  by  measurement,  xc  is  the  natural  low-water  width  of  the 
surface  in  the  required  mean-water  bed,  to  be  measured  in  the  apex  of 
the  bend;  i  is  the  adjusted  rate  of  fall  attainable.  It  suffices  to  deter- 
mine k  approximately  from  the  equation — 

y  di 
in  which  we  give  a  value  to  the  right-hand  member  to  be  established 
by  measurement  in  the  low-water  channel  existing  in  good  natural 
reaches. 

From  (1)  and  (2)  we  obtain  the  equation — 

"=(;;i^)' («' 

This  equation  shows  that  d  decreases  in  the  pools,  because  the  slope 
i  increases  while  v^  is  unchanged  ;  further,  that  f7  increases  on  the  sum- 
mits of  the  jjassages  as  a  decrease  of  /  takes  j^lace,  in  consequence  of  the 
uniform  establishment  of  the  natural  low-water  width  in  the  ajjex  of 
the  bend,  and  therefore  a  better  concentration  of  the  water,  and  also 
from  a  decrease  of  v. 

On  the  basis  of  the  foregoing  discussion,  the  answer  to  the  question 
forming  the  theme  is  given  in  the  following  conclusions  : 

(1)  Only  rivers  or  long  reaches  of  rivers  in  which  natural  erosion  is 
fully  developed  are  adapted  to  regulation.  The  navigability  of  un- 
finished rivers,  yet  in  a  state  of  erosion,  can  be  improved  with  jierma- 
nent  results  only  by  canalization. 

(2)  The  most  that  can  be  accomplished  by  regulation  is  the  desired 
adjustment  of  the  slope  of  the  low- water  line,  and  this  only  on  reaches 
of  uniform  regimen  and  uniform  characteristics. 

(3)  This  feasible  adjustment  of  the  slope,  to  be  accomplished  when 
the  conditions  are  most  favorable,  can  only  be  established  and  brought 
about  by  constructive  measures  after  formation  of  that  j)art  of  the 
channel  which  rises  above  low  water  is  completed  ;  after  the  con- 
ditions of  the  bed  have  adajjted  themselves  to  the  change  of  energy 
caused  by  the  formation  of  the  mean  and  high  water  bed — in  other 
words,  after  the  erosion  caused  by  this  formation  has  come  to  rest.    ' 
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(4)  To  secure  the  establishment  and  permanent  jjreservation  of 
the  adjustment  of  slope,  the  irregularities  of  the  bed  in  the  longi- 
tudinal and  transverse  profiles  are  to  be  adjusted  after  reinforcing 
the  low-water  shore,  and  the  bed  is  to  be  strengthened  where  attacked 
by  the  water  on  account  of  the  ground  plan  of  the  channel.  Restric- 
tion of  width  alone  will  not  bring  about  that  degree  of  navigability 
which  may  be  attained. 

(5)  The  maximum  depth  of  water  to  be  maintained  during  low  water 
h  then  determined  by  equations  (1),  (2)  and  (3). 

The  writer  has  thus  reached  the  conclusion  of  his  demonstration. 
Those  who,  on  account  of  the  title,  have  counted  on  an  exposition 
equipped  with  great  mathematical  and  speculative  apparatus,  who 
have  expected  that  the  question  propounded  would  be  solved  in  an 
abstract,  theoretical  manner,  will  be  disappointed.  But  it  can  be 
assumed  that  thei*e  are  not  many  such,  that  the  majority  will  acknowl- 
edge without  further  question  the  truth  conveyed  in  the  words  already 
quoted:  "All  theories  assume  an  imjaossible  stream."  The  writer's 
only  wish  is  to  show  that  under  certain  premises,  but  only  under  such, 
an  answer  to  the  question  propounded  is  possible.  He  is  well  aware, 
however,  that  with  regard  to  this  indispensable  hypothesis,  it  is  in 
Nature — in  practice — never  to  be  entirely  reckoned  on.  Thus,  for  ex- 
ample, complete  stability  of  the  bed  will  never  obtain  during  high 
water;  it  will  not  obtain  so  long  as  tributaries  which  are  in  a  state  of 
erosion  discharge  silt  into  the  main  stream,  so  long  as  disintegration 
of  the  banks  occur.  Even  the  introduction  of  suspended  particles  of 
the  soil  after  every  heavy  rain  and  every  flood  wdll  make  absolute  sta- 
bility of  the  bed  unattainable.  We  can,  therefore,  simj^ly  ascertain 
approximate  values. 

Furthermore,  it  is  well  known  that  in  practice  many  considerations, 
for  the  most  part  reasonable,  render  the  rational  construction  of  a  chan- 
nel unfeasible.  We  can  rarely  remove  irregular  dikes  running  beside 
the  stream,  or  injudicious  and  obstructing  habitations.  We  must  then 
pursue  the  best  course  possible,  i.  e. ,  in  spite  of  such  circumstances, 
we  must  regulate  only  the  low-water  bed  and  endeavor  to  keep  it  in 
good  condition  by  means  of  maintenance,  such  as  dredging. 

The  subject  was  suggested  by  the  transactions  of  the  Third  Interna- 
tional Congress  of  Inland  Navigation  at  Frankfort-on-the-Main  in  1888, 
at  which — conformably  to  a  motion  of  Professor  Schlichting,  of  Berlin — 
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the  necessity  of  attempting  to  establish  the  degree  of  navigability  of 
water-courses  which  may  be  attained,  was  unanimously  r.cknowl- 
edged.  It  is  very  greatly  to  Professor  Schlichting's  credit  to  have 
brought  this  necessity  into  prominence.  G.  Hagen  has  declared  in 
his  book  on  constructive  hydraulics,  that  there  are  no  bounds  to  the 
demands  by  the  public  who  make  use  of  the  water-ways  for  the  naviga- 
bility of  rivers ;  while  the  natural  formation  of  rivers  entirely  prevents 
the  extension  of  their  navigability  beyond  certain  limits.  Certainly 
the  complaints  of  ship-owners  of  the  poor  character  of  our  water- 
courses will  not  cease,  until  hydraulic  researches  have  determined 
what  degree  of  navigability  can  be  attained  by  regulation  under  the 
most  favorable  circumstances. 

If  we  wish  to  attain  a  greater  depth  than  is  possible  by  regulation, 
the  only  method  is  by  canalization.  Let  us  hope  that  a  further 
exchange  of  ideas  and  a  further  clearing  up  of  the  question  may  result 
from  the  foregoing  discussion,  which  exchange  would  appear  the  more 
to  be  desired  the  more  it  is  recognized  in  what  difficulties  we  are 
involved  on  all  sides  wherever  this  question  arises. 
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In  the  following  paper  the  writer  has  attempted  to  show  the  gen- 
eral conditions  of  the  coast,  the  forces  acting  and  their  effects,  and 
then  to  give  a  history  of  a  few  of  the  more  advanced  works,  with 
remarks  on  such  engineering  features  as  he  thought  of  general  interest. 
The  paper  is,  from  its  nature,  more  or  less  a  compilation,  and  the 

Note.— In  his  studies  on  the  subject,  the  writer  has  received  much  aid  from  the  follow- 
ing books:  Harcuurt's  "Harbors  and  Docks,"  Stevenson's  "Construction  of  Harbors," 
Mitchell's  " Reclamation  of  Tide  Lands"  and  "Tides  and  Tidal  Phenomena,"  Gilbert's 
•' Topograpnic  Features  of  Lake  Shores,"  Bache's  '  Atlantic  Coast  Tides,"  and,  most  of  all, 
from  the  reports  of  the  various  officers  and  assistants  of  the  Corps  of  Engineers,  U.  S.  A., 
published  in  the  annual  reports  of  the  Chief  of  Engineers.  To  all  of  these  authors  he  desires 
to  express  nis  ludebtedneas. 

Note  — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
■will  be  published  simultaneously  iu  the  number  for  December,  1893. 
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-nrriter  lias  quoted  freely  from  iiublished  works,  preferring  to  give  the 
exact  -words  of  the  authority  wheu  jjossible. 

The  southeast  Atlantic  Coast  harbors  of  the  United  States  belong 
to  the  troublesome  "harbors  on  a  sandy  coast"  which  have  been  so 
long  a  cause  of  worry  to  engineers  and  governments,  and  which  so  often 
obstinately  refuse  to  "stay  put  "  after  much  money  and  time  has  been 
spent  on  their  improvement.  Maintained  and  destroyed  by  the  same 
power,  the  ever-restless  sea,  their  formation  and  maintenance  depend 
on  so  nice  an  understanding  of  the  forces  at  work,  and  so  nice  an 
adjustment  and  control  of  these  forces,  that  it  is  not  strange  that  disap- 
pointment has  frequently  followed  so  much  jjainful  effort. 

The  creating  and  destroying  forces  are  the  sea  and  the  winds;  their 
instrument,  the  sand.  These  are  never  at  rest,  and  it  is  the  problem 
of  the  engineer  so  to  control  and  guide  them  as  to  cause  them  to 
build  the  protecting  beach,  or  to  deepen  the  desired  channel,  and 
having  finished  their  work,  to  pass  harmlessly  by  the  harbor  they  have 
formed. 

The  winds  act  on  the  sand  directly  and  through  the  medium  of  the 
sea.  Their  direct  action  is  to  transport  vast  quantities  of  sand  over 
the  level  surface  of  the  beach,  or  to  roll  along  the  dunes  already  formed. 
By  sand  catches,  sand  fences  and  plantations  of  beach  grass  this  move- 
ment can  be  controlled  and  turned  to  useful  ends.  On  a  dry  beach 
during  a  brisk  gale,  the  whole  surface  is  in  motion.  On  the  Florida 
coast  the  sand  moves  like  drifting  snow,  -with  a  depth  of  4  to  8  ins. 
A  properly  constructed  sand  catch  on  that  coast  can  form  a  dune  10 
ft.  high  in  a  single  year.  The  resultant  movement  is  in  the  direction 
of  the  prevailing  gales.  It  would  be  diflScult  to  estimate  how  great  a 
factor  in  the  formation  of  the  bars  across  the  openings  in  the  coast 
line  this  movement  is,  but  its  effect  must  be  very  large. 

The  indirect  action  of  the  wind  on  the  sand  beach  is  through  the 
waves.  The  coming  of  a  gale  is  frequently  heralded  36  hours  in  ad- 
vance by  heavy  rollers.  During  the  gale,  the  wave  height  is  reduced; 
but  the  surface  velocity  of  the  water  (and  its  erosive  action)  is  greatly 
increased.  After  the  gale  has  passed,  the  waves  again  become  higher 
and  make  up  in  battering  power  for  the  loss  of  velocity. 

Wave  crests  approach  a  coast  m  lines  perpendicular  to  the  direc- 
tion of  the  wind.  As  each  wave  feels  the  bottom,  its  advance  is 
retarded.     The  line   of  wave  crest  which  originally  had  approached 
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the  coast  diagonally,  swings  aronnd  and  finally  breaks  on  tlie  hoach  in 
&  line  more  nearly  parallel  to  it. 

Wave  form,  velocity  and  energy  have  long  been  studied,  but  the 
greater  portions  of  the  investigations  have  been  made  under  conditions 
radically  dififerent  from  those  jirevailing  on  our  sandy  coasts  and  are 
of  but  little  immediate  practical  use  there.  According  to  Scott-Russell 
and  other  authorities,  the  form  of  oscillating  waves  is  that  of  a  prolate 
cycloid,  -which  changes  to  a  common  cycloid  just  before  breaking. 
"Hagen  *         *         -st         *  showed  that  the  line  which  unites 

points  which  are  in  the  same  i^hase  of  a  revolution  is  a  prolate  cycloid, 
which  becomes  more  prolate  as  the  depth  increases,  and  at  the  sur- 
face approaches  a  common  cycloid.  Weber  Brothers  and  Eankine 
state  the  orbit  of  each  particle  to  be  an  ellipse,  while  Froude,  Scott- 
Russell,  Hagen  and  Gerstner  state  that  this  orbit  is  a  circle.  "^Tien  the 
wave  enters  shallow  water  the  general  opinion  seems  to  be  that  the 
orbit  is  always  elliptical."*  According  to  Stevenson  the  height  of  a 
wave  crest  above  the  mean  level  of  the  water  is  two-thirds  of  the  wave 
height  from  hollow  to  crest,  and  waves  break  when  they  enter  water 
whose  mean  dej)th  is  from  once  to  twice  the  wave  height,  breaking 
earlier  when  the  bottom  shoals  rapidly  than  when  the  slope  is  gradual. 
Stevenson  gives  much  interesting  data  on  the  relation  of  fetch  to  wave 
height,  etc.,  but  with  the  very  gentle  slope  of  the  bottom  along  our 
southern  coast,  the  storm  waves  of  the  Atlantic  are  broken  and  reformed 
long  before  the  beach  line  is  reached.  He  gives  the  velocity  of  the 
longest  waves  on  the  Atlantic  Ocean  as  115  ft.  per  second,  and  of 
ordinary  storm  weaves  as  50  to  60  ft.  per  second. 

Of  greater  immediate  value  in  the  present  discussion  are  the 
investigations  of  Lt.  T>.  D.  Gaillard,  Corps  of  Engineers,  on  the  force 
of  waves  on  the  Florida  coast.  Lieut.  Gaillard's  conclusions  may  be 
condensed  as  follows :  Waves  wdth  the  form  of  a  common  cycloid  have 
an  energy  in  foot-pounds  for  each  foot  in  length  measured  along  the 
crest,  and  for  that  portion  above  a  horizontal  plane  tangent  to  the 
hollow,  equal  to  6.3  7i^,  in  which  h  is  the  height  from  hollow  to  crest. 
The  application  of  this  formula  is  expressly  limited,  and  is  useful 
mainly  in  comparing  the  relative  exposure  of  two  places  where  shoal 
water  extends  for  some  distance  seawards  and  where  the  fetch  of  the 
'waves  is  practically  unlimited. 

In  shallow  water,  immediately  before  breaking,  for  waves  varying 
*  Lt.  aaillard.  Rep.  Chf.  of  Engrs.,  1889-11-1319. 


226  BLACK   ON   lilPEOVEMENT   OF  HAHBOKS. 

in  height  from  2  ins.  to  7  ft.  (hollow  to  crest),  the  observed  relation, 
between  wave  height  and  velocity  is  expressed  aijproximately  by  the 
formula  h  =  .08242  .r2,  in  which  Ti  is  the  height,  and  x  the  velocity  in 
feet  per  second. 

These  waves  broke  when  they  arrived  at  depths,  which,  when  the 
water  was  undisturbed,  were  from  0. 72  y^  to  2  h.  For  the  great  majority, 
h  equaled  d  (depth  of  undisturbed  water)  at  breaking.  For  a  given 
locality  the  variation  in  the  ratio  of  d  to  h  seemed  to  be  caused  by  the 
direction  and  force  of  the  wind.  A  strong  Tvind  in  the  direction  of 
wave  motion  made  cZ = 1. 25  A.  A  strong  contrary  wind  made  d  =  0. 72  A. 
With  no  wind  and  a  uniform  bottom  with  a  slope  of  1  on  100,  d  equaled  h. 
With  a  slope  of  1  on  12,  d  sometimes  equaled  2  h. 

Observations  on  waves  varying  in  height  from  2^  to  6  ft.  showed 
that  the  height  of  wave  crest  above  the  mean  (undisturbed)  water  sur- 
face varied  between  0.67  h  and  .89  h,  with  a  mean  value  of  0.76  h.  A 
gently  sloping  bottom  or  an  opposing  wind  increased  the  height  of 
crest;  a  steep  slope  or  a  favoring  wind  decreased  it. 

"Considering  only  a  well-defined  wave,  breaking  in  water  of  a 
depth  equal  to  its  height  from  hollow  to  crest,  the  maximum  effect  (re- 
corded by  dynamometer  readings)  was  found  at  a  distance  above  the 
water  surface  equal  to  about  -ro  of  the  wave  height,  from  which  point 
it  decreased  to  zero  at  a  distance  above  the  water  surface  equal  to 
about  one-fourth  of  the  wave  height.  "* 

In  all  this  discussion  the  distinction  between  velocity  of  wave 
propagation  and  the  velocity  of  translation  of  the  particles  of  water  in 
the  wave  must  be  kept  clear.  McAljune  showed  by  experiments  with  a 
tank  of  fresh  water  that  when  water  was  added  suddenly  at  one  end, 
the  effect  was  felt  at  the  other  end  by  a  wave  long  before  the  actual 
movement  of  translation  was  transmitted  to  the  water  there.  The 
velocity  of  wave  propagation  was  to  the  velocity  of  transfer  of  the 
water  as  1  is  to  .09.  This  is  constantly  seen  in  our  tidal  rivers.  In 
the  Savannah  Kiver  the  rate  of  propagation  of  the  flood  tidal  wave 
varies  from  12  to  16  miles  per  hour,  and  the  maximum  velocity  of  the 
flood  current  is  1.4  miles  per  hour. 

The  wave  which  in  a  deep  sea  is  a  simple  undulation,  excepting 
where  its  surface  is  thrown  onward  by  the  wind,  changes  in  shape 
as  the  shallow  water  is  entered,  and  the  energy  of  undulation  is  trans- 
formed, more  or  less  completely,  into  a  force  of  translation,  according 

*  Lt.  Gaillard,  Rep.  Chf.  of  Engre.,  1891-in-1637. 
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as  the  entire  wave,  or  only  a  portion,  breaks.  The  final  break  occurs 
where  the  incoming  wave  meets  the  rapid  first  backflow  of  its  predeces- 
sor from  the  beach. 

"It  is  a  familiar  fact  that  waves  running  over  shallow  ground 
acquire  a  real  motion  of  translation.  The  passing  of  a  wave,  as  felt 
by  divers  standing  upon  the  bottom,  is  a  sudden  jerk  toward  the  coast. 
The  water  that  would  thus  pile  iip  against  the  shore  is  carried  back 
into  the  ocean  by  a  gentle  and  continued  current.  The  movement 
toward  the  land  is  in  very  short,  but  very  rapid,  dashes,  while  the 
return  is  more  gentle  and  steady.  In  this  contrast  of  velocities  between 
the  onset  and  the  retreat  of  the  sea  lies,  I  think,  the  true  cause  of  the 
accumulations  upon  the  coast  and  the  tendency  of  heavy  bodies,  like 
the  coal  from  steamers,  etc.,  to  come  on  shore.  "^Tien  we  consider  that 
the  work  done  is  i^roi^ortional  to  the  square  of  the  velocity  and  that  the 
weight  that  may  be  moved  by  running  water  varies  with  the  sixth  power 
of  the  velocity,  we  certainly  may  expect  the  changes  along  the  coast  to 
reflect  rather  the  action  of  rushing  waves  than  feeble  currents."* 

A  heavy  gale  heaps  up  the  waters  on  the  lee  shore  when  the  wind 
and  wave  action  is  oblique  to  the  coast  line.  This  heaping  up  of  the 
water  gives  rise  to  a  current  parallel  to  the  beach  and  close  in  shore, 
generally  ^\■ithin  the  first  line  of  breakers. 

The  effect  on  the  sand  may  now  be  noted.  In  experiments  made 
during  the  construction  of  the  Brooklyn  Bridge,  Mr.  Collingwood  found 
that  when  sand  was  thoroughly  mixed  with  the  water,  iOJ'^'  in  bulk 
was  cai'ried  when  the  velocity  exceeded  about  22  ins.  per  second;  when 
the  velocity  was  less,  a  dejjosit  was  made.  Colonel  Elliot,  in  his  report 
on  the  improvement  of  the  Harbor  of  Nantucket,  assumes  that  a  velocity 
of  1. 25  ft.  per  second  is  suflScient  to  jjroduce  a  scour  on  a  bottom  of  gravel 
and  sand,  and  quotes  the  following  authorities:  Debauve,  0.5  to  1  ft.  per 
second;  Login,  0.67  to  1  ft.  per  second;  Weisbach,  1.25  ft.  per  second. 
The  writer  has  seen  a  bank  of  packed  fine  sand  stand  without  loss  under 
a  velocity  of  3  ft.  per  second,  but  melt  away  when  that  current  was 
accompanied  by  the  slightest  wave  motion.  It  may  be  accepted  that 
sand  in  suspension  may  be  transported  by  a  current  too  feeble  in 
velocity  to  lift  it  from  its  bed. 

As  the  successive  waves  ajiproach  the  shore,  there  is  a  slight  and 
continuous  motion  of  sand  beneath  them;  and  this  sand,  lifted  by  the 
waves,  is  moved  shoreward  by  the  breakers,  and  during  on-shore  gales, 
parallel  to  the  coast  by  the  littoral  current  induced  as  previously 

*  Mitchell,  "  Keclamation  of  Tide  Lands," 
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described  by  storm  action.  Arrived  at  the  aieep  sloj^e  of  the  beach, 
the  -wave  breaks  with  great  force,  and  its  water,  loaded  with  sand, 
rushes  up  the  slope,  approximately  in  the  direction  of  the  wave 
approach.  A  portion  of  the  load  of  sand  is  deposited  at  the  limit  of 
wave  action;  the  remainder,  jjicked  up  again  in  the  back  rush  of  the 
water,  is  caiTied  back  directly  down  the  slojje,  only  to  be  moved 
further  along  the  beach  by  the  nest  wave. 

A  thorough  analysis  of  wave  and  current  action  on  coasts  is  found 
in  Mr.  G.  K.  Gilbert's  interesting  jiaper  on  "The  Topographic  Feat- 
ures of  Lake  Shores."  This  action  may  be  summarized  as  follows  : 
The  agitation  of  the  waves  and  the  transporting  power  of  the  waves 
and  undertow  accomplish  a  sorting  of  the  coast  detritus.  The  finer 
portions  are  carried  out  to  deep  water;  the  remainder,  clean  sand  and 
gravel,  is  left  as  shore  drift,  and  the  zone  occui^ied  by  the  shore  drift  in 
transit  is  the  beach.  It  extends  from  beyond  the  line  where  storm 
waves  break,  to  the  shore  line  reached  by  the  highest  waves.  The 
general  profile  is  such  that  at  each  point  the  slope  represents  an  equi- 
librium in  transporting  power  between  the  breakers  and  the  undertow. 
Where  the  undertow  is  relatively  potent,  the  slojje  is  gentle.  Where 
the  relative  power  of  the  breakers  is  gi-eater,  the  slope  is  steeper. 
' '  The  result  is  a  sigmoid  profile  of  gentle  flexure,  upwardly  convex  for 
a  short  space  near  its  landward  end,  and  concave  beyond.  "*  The  outer 
bar  of  our  coasts  shows  the  first  point  of  breaking  of  the  storm  waves. 

Where  the  coast  line  turns  abruptly  landward,  it  cannot  be  followed 
immediately  by  the  littoral  current.  Along  the  inner  edge  of  this  cur- 
rent, after  passing  the  point  of  the  shore  line,  velocity  is  reduced  by 
the  still  water  of  the  bay,  the  drift  is  deposited  and  a  spit  is  formed. 
Where  the  littoral  currents  are  of  wind  origin,  they  are  intermittent. 
Then  the  materials  of  the  spit  may  be  spread  by  the  currents  to  and 
from  the  bay,  forming  a  bar  like  those  ofi"  our  southern  coast  entrances; 
where  the  spit  is  kei)t  high  enough  to  hold  the  transverse  currents  at 
its  end,  a  hook  is  formed  which,  by  a  change  of  direction  of  the  trans- 
verse current,  may  become  a  loop.  • 

In  all  this  littoral  movement,  the  relative  eroding  and  transijorting 
jjowers  of  storms  and  calms  are  to  each  other  as  the  similar  powers  of  a 
stream  during  floods  and  low  water.  Movement  on  the  coast  is  continu- 
ous, and  the  features  of  the  coast  show  the  resultant  of  all  the  action. 

*  GUbert. 
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Stevenson  and  Harconrt  give  nnmeroiis  exami)les  of  the  power  of 
■naves  in  deep  harbors  and  exiiosed  situations.  Examples  of  wave  ac- 
tion on  onr  own  more  protected  coasts  and  in  our  shallow  waters  are 
not  so  numerous.  In  the  report  to  the  Chief  of  Engineers  of  1890  on 
the  Improvement  of  St.  Angustine  Harbor  is  the  following: 

"A  wave  may  act  on  the  jetty  directly,  by  a  blow,  or  a  i^ush,  or  a 
blow  and  a  jjush  combined;  and,  indirectly,  by  a  pull,  by  compressing 
the  air  in  the  voids  of  the  masonry,  by  upward  pressure  due  to  the 
difference  of  head  produced  on  the  two  sides  of  the  jetty,  or  by  a  com- 
bination of  these  actions.  The  direct  action  measured  on  the  dyna- 
mometers had  effects  equal  to  jjressures  varying  between  190  and  753 
lbs.  per  square  foot.  This  action  took  place  when  a  wave  broke  directly 
on  or  in  advance  of  the  jetty;  this  also  compressed  the  air  in  the  voids  of 
the  jetty.  *  *  *  *  Jets  of  water  and  sand  were  sometimes  jivo- 
jected  up  from  the  cracks  in  the  jetty  to  some  height.  The  maximum 
height  of  any  wave  observed  striking  the  work  was  6  ft.  *  *  *  * 
Up  to  a  height  of  about  2  ft.  above  mean  low  Avater,  rip-rap  weighing 
40  to  50  lbs.  was  but  little  disturbed.  Above  this  limit,  to  the 
height  of  10  ft.,  the  highest  point  observed,  rip-rap  varying  in  weight 
from  40  to  200  lbs.  could  not  be  held  at  any  slope.  An  isolated  jjiece 
of  concrete  weighing  350  lbs.  and  resting  on  its  flat  base  ji.7  sq.  ft.  in 
'  area,  with  its  center  of  gravity  7  ft.  above  mean  low  water,  was  moved 
several  feet  by  breakers  whose  crests  were  about  7j  ft.  above  mean  low 
water.  These  breakers  measured  3v  ft.  from  hollow  to  crest.  *  *  *  * 
All  that  portion  of  a  mound  or  wing,  composed  of  rip-rap  (varying 
in  weight  from  40  to  220  lbs.)  tightly  chinked  with  oyster  shells,  lying 
between  4  and  6  ft.  above  mean  low  water,  no  matter  what  side  slopes 
the  rii)-raj)  was  given,  would  be  carried  away  in  a  single  tide  whenever 
breakers  greater  than  4  ft.  in  height  struck  it  faii'ly.  *  *  *  *  A. 
block  of  concrete  weighing  527  lbs.  was  elevated  1.3  ft.  by  the  action 
of  a  single  breaker.  During  the  same  tide  it  was  moved  23  ft.  in- 
shore. A  dynamometer  within  8  ft.  of  its  original  position  recorded  a 
maximum  pressiire  of  575  lbs.  per  square  foot  during  this  tide.  A  piece 
of  concrete  weighing  200  lbs.  was  lifted  vertically  to  a  higher  level 
than  that  of  the  water  surface  by  a  wave  which  broke  just  in  front  of 
it.  Another  block  of  concrete  weighing  1  600  lbs.  was  lifted  from  its 
bed  vertically  at  least  14  ins.,  and  then  moved  several  yards." 

Later,  a  concrete  block  10  x  6  x  2|  ft.  and  weighing  dry  21  000  lbs. , 
lying  about  at  the  mean  low  water-line  of  the  beach,  was  lifted 
vertically  3  ins.,  and  there  caught  and  held  fast.  The  maximum 
wave  height  and  dynamometer  reading  during  that  gale  were  5.5  ft. 
and  633  lbs.,  respectively. 

Another  familiar  effect  of  wave  action  was  shown  at  Sandy  Hook 
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where  a  line  of  rip-rap  iilaced  at  the  ordinary  high  -water-line,  com- 
posed of  blocks  ■neighing  from  300  lbs.  to  3  tons,  was  undermined  and 
sunk  into  the  sand  from  4  to  6  ft.  It  may  be  stated  generally,  that 
where  an  obstruction  is  placed  on  a  sand  beach  between  high  and  low 
water,  if  it  is  too  heavy  to  be  moved,  the  resultant  effect  will  be  to 
smooth  oflf  the  beach,  either  by  sinking  the  object,  or  by  building  the 
beach  over  it. 

Currents. — Having  considered  the  mode  of  action  of  the  sea  by 
waves,  there  now  remains  the  second  form  of  attack — by  currents. 
The  eroding  action  of  running  water  is  too  well  known  to  require 
descriiDtion,  and  the  following  princii^les  only  will  be  noted:  Fii'st, 
the  eroding  power  of  water  varies  with  the  square  of  its  velocity; 
second,  feeble  currents  will  transport  material  which  they  are  power- 
less to  lift  from  its  bed  without  the  help  of  some  stirring  action. 

When  a  shoal  of  shifting  material  is  crossed  by  tidal  currents,  as  a 
rule  the  flow  does  not  take  place  in  any  one  channel  to  an  equal 
extent  m  both  directions.  The  sloi^e  of  the  bottom  of  the  channel 
will  show  the  direction  of  the  maximum  flow.  Thus,  flood  channels  have 
a  gentle  bottom  slope  ujj  from  the  sea,  with  the  least  depth  and  steepest 
slopes  at  the  inner  ends.  Channels  in  which  ebb  currents  predominate 
have  their  least  depth  and  steepest  bottom  slope  at  the  sea  ends. 

There  is  another  variety  of  sand  movement  which  has  been  but 
little  investigated,  and  the  causes  of  which  are  somewhat  obscure. 
It  is  well  known  that  the  surface  of  sand  beaches  and  shoals  varies  in 
comi^actness  to  a  marked  degree  from  time  to  time.  As  generally 
stated,  at  times  the  sand  is  "alive,"  and  the  whole  surface  is  soft  and 
shifting.  On  the  beach,  between  high  and  low  water-lines,  this  may 
be  a  function  of  the  dryness  of  the  sand.  At  St.  Augustine  it  was  also 
found  to  vary  with  the  time  elapsed  since  the  last  dejDosit  on  the 
surface  was  made.  After  a  gale,  the  pew  beach  made  during  the  gale 
would  be  very  soft  until  it  had  been  jjounded  down  by  the  breakers 
of  several  tides.  In  shoals  covered  at  all  times  by  water,  it  is  the 
general  opinion,  well  supported  by  evidence,  that  the  sand  surface  is 
alive  during  floods  and  more  compact  during  ebbs.  On  the  other 
hand,  in  investigating  this  subject  at  the  mouth  of  St.  Johns  River  in 
1889,  Mr.  Bacon  found  that  the  maximum  volume  of  sand  actually  in 
susi3ension  close  to  the  bottom  of  the  bar  channel  during  ebbs  was 
three  times  the  maximum  flood  volume. 
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A  typical  example  of  sand  movement  on  the  bottom  (not  in  sus- 
pension) under  the  action  of  currents  is  found  in  the  report  of  Mr. 
J.  W.  Sackett,  United  States  Assistant  Engineer,  on  his  survey  of  the 
northwest  entrance  to  the  harbor  of  Key  West.  The  sand  there  is 
coarse  and  light,  and  over  97"o  calcareous,  being  formed  from  disin- 
tegrated coral  rock.  A  cubic  foot  of  the  sand,  dry,  settled  by  shaking, 
weighed  80  lbs.  and  contained  50)V  oi  voids.  The  grains  varied  in 
size  from  0.005  to  0.08  ins.  The  water  was  very  clear,  and  the  bottom 
was  jilainly  visible  with  the  aid  of  a  sponger's  "water  glass."  The 
observations  were  made  in  depths  varying  from  7  to  17  ft.  The 
coarser  sand  was  always  found  w-here  the  velocities  were  the  greater. 

"We  observed  that  the  wave  crests  w^ere  at  right  angles  to  the 
direction  of  the  currents.  The  wave  length  seemed  to  increase  as  the 
velocity  of  the  current  increased,  until  the  maximum  velocity  was 
attained,  when  the  wave  length  in  feet  was  about  two-thirds  the  cur- 
rent velocity  in  feet  per  second.  It  then  remained  about  the  same 
until  the  current  changed  its  direction,  when  the  waves  would  become 
obliterated.  In  the  course  of  about  half  an  hour  after  the  current  had 
assumed  a  definite  direction,  the  waves  were  reformed  correspondingly. 
The  rate  of  advance  seemed  to  be  about  one-fiftieth  of  the  velocity  of 
the  current.  The  slope  of  the  side  toward  the  current  was  about  1  on  5; 
on  the  other  side,  it  was  about  10  on  4.  At  no  time  during  these 
observations  did  the  current  velocity  exceed  1.5  ft.  per  second."  *  * 
*  *  "  On  the  sand  bores  *  *  *  *  the  sand  is  quite  coarse,  and 
while  passing  over  them  in  about  7  ft.  of  water,  with  a  current  setting 
across  them  to  the  south,  probably  less  than  3  ft.  jjer  second,  sand 
waves  w^ere  seen  as  much  as  7  ft.  apart  and  1  ft.  high,  and  the  sand 
seemed  to  be  all  in  motion."*  In  rough  weather  this  sand  is  so 
stirred  up  that  the  water  over  the  shoals  assumes  a  murky  hue. 

Coast  Line,  Plate  J. — The  jjortion  of  the  coast  under  consideration 
extends  from  Cape  Hatteras  to  Cape  Florida.  In  1857  Professc*-  Bache 
drew  attention  to  its  bay -like  form,  and  to  the  effect  of  this  form  on  the 
tides  within  its  limits.  A  Line  tangent  to  the  two  extremities  has  a 
bearing  N.  21°  E.  Its  length  between  tangent  points  is  700  miles. 
The  maximum  depth  of  the  bight,  measured  at  right  angles  to  this 
line,  is  200  miles,  and  is  found  in  the  neighborhood  of  Sapelo  Sound, 
opposite  the  middle  point  of  the  tangent  line.  "  The  tidal  wave  setting 
into  the  southern  bay  rises  as  the  bay  contracts,  and  the  heights  of  the 
tides  along  the  shores  increase  as  the  jjlaces  are  more  distant  from  the 
chord  spanning  the  entrance."  The  bay -like  formation  is  shown  also 
*Rep.  Chf.  of  Engrs.,  1890-U-1595. 
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in  the  slope  of  the  bottom,  which  becomes  flatter  as  the  head  of  the 
bight  is  approached. 

Seen  from  the  sea,  the  shores  of  the  southern  bay  present  a  monot- 
ony of  scenery  broken  only  by  the  openings  into  the  many  bays  and 
inlets;  everywhere  is  the  sand  beach  backed  by  dunes  over  which  a  scant 
tree-growth  shows.  The  highest  land  along  the  coast  between  Cape  Flor- 
ida and  the  highlands  of  Navesink  is  Mount  Cornelia,  at  the  entrance 
to  St.  Johns  Kiver,  60  feet  high.  The  sand  beach  is  continually  in 
motion,  with  a  resultant  movement  to  the  south.  The  source  of  the 
sand  supioly  seems  to  be  the  New  England  coast.  On  the  New  Jersey 
coast  the  sand  is  coarse,  with  frequent  beds  of  pebbles.  To  the  south 
the  i^ebbles  disapj^ear  and  the  sand  grows  finer,  until,  at  St.  Augustine, 
1  grain  in  weight  of  sand  contains  2  050  particles,  with  an  average 
diameter  of  .00.5  inches,  and  beds  of  broken  shell  are  of  frequent  occur- 
rence. South  of  Cape  Canaveral  trojDical  shells  begin  to  appear  in 
numbers  on  the  beach.  South  of  Cape  Florida  the  silicious  sand, 
which  has  been  found  all  the  way  down  the  coast,  begins  to  be  mixed 
with  beds  of  calcareous  sand  from  disintegrated  coral,  and  further 
south  still  the  silicious  sand  has  disappeared  entirely,  and  calcareous 
sand  alone  is  found.  \ 

The  mean  slope  of  the  beach  between  the  mean  low  water-line  and 
the  3-fathom  contour  of  the  sea  bottom  is  1  on  45  off  Hatteras,  and 
decreases  regularly  to  Sapelo  Inlet  where  it  has  become  1  on  1  000. 
It  then  increases  to  Canaveral,  where  it  is  1  on  55.  The  deeper  con- 
tours show  the  same  regular  flattening  in  the  bight.  At  each  opening 
the  regularity  of  the  beach  is  broken  and  the  contours,  from  1  to  5 
fathoms,  are  jjushed  out,  to  inclose  an  irregular  fan-shaped  area,  or 
"bar,"  crossed  by  one  or  more  shifting  channels  from  the  entrance, 
which  generally  incline  more  or  less  to  the  south. 

The  rivers  emptying  into  the  bays  and  inlets,  or  directly  into  the 
sea,  have  but  slight  slopes  in  their  lower  courses  and  are  tidal  streams 
for  many  miles  from  their  mouths.  The  sediment  brought  down  from 
their  headwaters  is  deposited  almost  entirely  in  the  interior  basins. 
The  amount  reaching  the  coast  is  too  small  to  be  appreciable. 

Whatever  the  problems  arising  in  the  interior  improvement  of  the 
various  harbors  may  be,  the  problem  at  the  entrance  is  everywhere  the 
same — how  to  control  the  moving  sand.  To  do  this,  the  nature  and 
cause  of  the  movement  must  be  understood.  To  this  end  the  action  of 
the  controlling  forces,  the  sea  and  the  winds,  must  be  investigated- 
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Currents,  Wintis  and  Waves. — In  his  jiapev  on  the  southern  bay, 
Professor  Bache  continues : 

"Beginning  at  Tybee  entrance,  Fort  Pulaski,  Savannah  Biver, 
we  have  a  good  series  of  tidal   stations   to  Hatteras,  five  in  number. 

*  *  *  *  "jl^e  mean  co-tidal  hour  is  11  hours  52  minutes,  and  the 
angle  which  the  co-tidal  line  makes  with  the  meridian  is  52  ^  9', 
agreeing  very  nearly  with  the  trend  of  the  coast.  *  *  *  *  The 
motion  perpendicular  to  the  direction  of  the  co-tidal  line  is  24  miles  in 
half  an  hoiar,  agreeing  very  nearly  with  the  velocity  due  to  dejiths." 

*  *  *  *  "  Groui)  F  is  at  the  extreme  southern  portion  of  the  series, 
where  the  tide  wave  is  turned  by  the  Bahama  Banks  and  makes  its  way 
through  the  Straits  of  Florida.  The  three  stations  of  this  group  are  Cape 
Florida,  Cape  Canaveral  and  St.  Johns  entrance;  of  this.  Cape  Canaveral 
affords  but  a  vague  result.  The  co-tidal  line  makes  an  angle  of  117-  12' 
with  the  meridian,  and  the  motion  in  half  an  hour  is  29  miles  "  (see 
Plate  I). 

The  positions  of  these  co-tidal  lines  show  an  absence  of  any  marked 
tidal  currents  along  the  coast.  This  might  be  expected,  for,  as  stated 
by  Prof.  Henry  Mitchell:  "  Tidal  currents  are  rarely  visible  far  from 
land,  since  they  are  called  into  activity  by  the  delays  and  distortions 
of  the  tide  wave  consequent  upon  the  resistances  of  shoals  or  confined 
and  shallow  channels."  Corroborative  proof  of  this  absence  of 
marked  tidal  currents  is  found  in  the  statements  of  captains  of  coast- 
ing steamers  to  the  effect  that  the  direction  of  the  currents  deijends 
on  the  direction  of  the  wind ;  in  the  exi^erience  gained  in  the  attemjit 
to  sink  the  caisson  for  the  new  Hatteras  light,  when  currents  were 
observed  from  some  direction  about  all  of  the  time,  but  shifting  with 
the  wind  and  totally  independent  of  the  tidal  changes;  and  in  the 
current  observations  off  the  Florida  coast  at  and  near  the  mouth  of 
the  St.  Johns  River. 

As  the  tidal  wave  approaches  the  coast,  when  not  influenced  by  the 
wind,  the  water  rises  nearly  simultaneously  all  around  the  fan-shaped 
shoals  off  the  entrances  and  pours  into  the  interior  tidal  basins, 
gaining  marked  velocity  and  direction  only  after  attaining  the  well- 
detined  channels.  Outside  of  these  confined  channels,  the  currents 
due  to  tidal  action  are  too  feeble  to  have  any  aiij^reciable  effect  on  the 
sand  movement  of  the  coast.  This  forms  one  of  the  many  differences 
between  the  problems  of  our  coasts  and  those  of  the  narrow  seas  abroad. 

The  Gulf  Stream  is  too  far  from  the  coast  north  of  Cape  Canaveral 
to  have  any  known  effect  on  the  sand   movement.     Other  currents  are 
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at  times  observed  close  in  shore  with  high  velocities  and  generally 
northerly  in  direction,  but  their  efifect  on  the  sand  movement  is  slight. 
The  great  and  marked  changes  on  the  coast  are  due  to  storm  waves 
and  currents,  and  the  direction  of  the  movement  results  from  the 
direction  of  the  wind.  The  resultant  movement  is  in  the  direction 
given  by  the  heaviest  and  most  prolonged  gales\ 

Winds. — At  Hatteras  and  below,  winds  from  northeast  and  east  will 
produce  a  southerly,  and  from  the  southeast  and  south  a  northerly, 
movement  of  sand  and  currents  along  the  coast.  The  reports  of  the 
"Weather  Bureau  show  that  from  1886  to  1891,  inclusive,  observations 
made  three  times  daily  at  Hatteras  gave  1  333  observations  of  northeast 
and  east  winds  and  1 045  of  southeast  and  south  winds,  with  the  heaviest 
gales  from  the  north.  For  Charleston,  S.  C,  the  numbers  become 
1  426  and  737,  respectively.  Further  south  the  prevailing  summer 
breezes  are  from  the  southeast.  On  the  Florida  peninsula,  winds  from 
the  north  and  northeast  give  a  southerly,  and  from  the  east  and  south- 
east a  northerly,  movement.  At  Jujiiter  Inlet  the  record  from  1889  to 
1991  gives  476  from  north  and  northeast  and  906  from  the  east  and  south- 
east. Nevertheless  the  sand  movement  along  this  coast,  under  the 
controlling  influence  of  the  northeast  gales  is  also  to  the  south,  as 
shown  by  the  reports  of  the  engineers  in  charge  of  the  works  at  Cum- 
berland Sound,  St.  Johns  Eiver  entrance,  and  St.  Augustine. 

Thus,  in  his  project  for  the  improvement  of  Cumberland  Sound, 
Gen.  Gillmore  states — 

"There  is  no  evidence  of  a  prevailing  littoral  current,  although 
the  Coast  Survey  chart  shows  that  the  flood  produces  a  northern 
and  the  ebb  tide  a  southern  current  along  the  coast.  The  shifting 
character  of  the  bar  is  due  to  the  combined  and  ever-varying 
action  of  winds,  waves  and  tidal  and  storm  currents.  There  are 
no  tables  of  records,  so  lar  as  I  know,  showing  the  duration  and 
intensities  of  these  agencies;  their  relative  influence,  therefore,  can 
only  be  inferred  from  the  observed  magnitude  of  the  results  produced, 
and  these  x^oint  to  the  superior  aggregate  force  of  northeast  winds,  and 
the  waves  and  currents  jaroduced  by  them." 

Lieutenant  Rees,  reporting  in  1892  on  the  survey  of  Brunswick 
outer  bar,  states  that  the  resultant  direction  of  the  forces  that  move 
the  sand  and  mold  the  shoals  at  that  place  is  toward  the  south,  and  that 
the  winds  which  produce  a  southerly  movement  of  the  sand  are  to 
those  that  jiroduce  a  northerly  movement  as  29  is  to  16. 

This  general  sand  movement   along  the  coast  must    not  be  con- 
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founded  with  the  local  movement  along  the  beach  at  each  harbor 
entrance.  As  a  general  rule,  unless  the  ebb  currents  are  directed 
close  along  shore  outside  the  entrance  (as  at  St.  Augustine,  Fla.)  there 
■will  be  a  local  beach  movement  of  sand  toward  the  entrance  at  each 
opening  in  the  coast  line.  This  movement  takes  place  generally 
during  the  rising  tide,  under  the  influence  of  the  advancing  waves  and 
tidal  currents  of  the  entrance.  In  some  instances,  where  the  volume 
of  flow  through  the  entrance  is  great,  thei'e  is  a  constant  local  littoral 
current  of  small  velocity  toward  the  entrance  from  both  sides.  During 
the  flood  inflow  it  is  a  part  of  the  general  movement  of  the  water 
toward  the  interior  tidal  basin.  During  the  ebb  outflow  it  is  from  the 
eddy  j)roduced  by  the  friction  of  the  swift  ebb  current  from  the 
entrance  on  the  still  waters  outside.  This  current  undoubtedly  has 
some  influence  in  massing  the  sand  on  the  two  sides  of  the  channel. 

Under  the  forces  acting,  the  sand  of  the  open  beach  is  always 
shifting,  but  the  main  features  remain  j^ractically  unchanged.  At  the 
openings  in  the  coast  line,  the  advancing  sand  continually  tends  to 
jDush  the  channels  to  the  south.  This  southerly  movement  continues 
until  the  channel  between  the  tidal  basin  and  the  sea  becomes  too  long 
and  the  slope  too  slight  to  jjermit  a  velocity  sufiicient  to  equalize  the 
difi'erence  of  head  at  each  tide.  Then,  frequently  aided  by  a  storm, 
the  waters  break  a  new  and  more  direct  channel,  which,  in  turn,  is 
jiushed  southward. 

The  general  conditions  i^revailing  on  the  portion  of  the  coast  under 
discussion  may  be  summarized  thus  : 

First. — The  shores  are  low,  fringed  by  a  beach  of  light,  shifting 
sand;  the  foreshore  has  a  very  gentle  slope,  giving  comi^arative 
protection  from  wave  action. 

Second. — The  heaviest  and  most  prolonged  gales  are  from  the 
northeast,  with  occasional  severe  gales  from  the  southeast. 

Third.  — The  mean  tidal  range  is  from  1. 5  to  7  ft. ,  with  two  tides  daily. 

Fourth. — There  are  no  continuous  strong  littoral  currents,  and 
no  strong  tidal  currents  excejiting  in  the  immediate  vicinity  of  the 
openings  on  the  coast  line. 

Fifth. — The  coast  storm  drift  of  sand  is  large  in  volume  with  a 
resultant  movement  to  the  south. 

Si.vth. — This  drift  forms  fan-shaped  shoals  across  all  openings  on 
the  coast  line. 
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Seventh. — There  is  little  or  no  fresh- water  sediment  brought  to  the 
coast  line. 

Eighth. — The  channels  across  the  shoals  are  generally  shifting  in 
character,  and  the  navigable  channels  are  maintained  by  the  ebb  out- 
flow from  the  interior  tidal  basins,  reinforced  by  the  fresh-water  dis- 
charge from  the  interior. 

IirPEOVEMENT   OF    ENTRANCE   TO   CaPE  FeAK   KiVEE. 

A  line  drawn  tangent  to  the  coast  of  North  and  South  Carolina  at  the 
head  of  the  bights  called  Onslow  Bay  and  Long  Bay,  respectively,  will 
cut  off  a  jiiece  of  land  shaped  like  an  isosceles  triangle,  with  the  equal 
sides  somewhat  concave  (see  Plate  II).  CajDe  Fear  forms  the  vertex  of 
the  triangle,  and  "Wilmington,  N.  C,  lies  a  little  beyond  the  base, 
about  one-third  of  the  distance  along  the  base  from  the  north  point 
of  tangency  on  Onslow  Bay.  The  branches  of  the  Cape  Fear  Eiver 
unite  in  the  vicinity  of  Wilmington.  Just  to  the  south  of  the  imaginary 
base  the  river  suddenly  increases  its  width  to  one  mile,  and  from  that 
l^oint  to  the  sea  it  has  the  shape  and  characteristics  of  an  estuary. 

After  passing  Wilmington  the  direction  of  the  river  is  nearly  due 
south,  and  it  holds  this  course  until  at  Federal  Point,  10  miles  north 
from  the  extremity  of  Cape  Fear,  it  is  separated  from  the  sea  only  by 
a  narrow  beach  of  \  mile  width.  There  it  turns  slightly  to  the  west, 
and,  jjassing  parallel  to  the  coast,  empties  into  the  sea  to  the  south  of 
Cajie  Fear,  5  miles  from  its  point.  From  Federal  Point,  for  6  miles, 
the  baiTier  between  the  river  and  the  sea  is  a  narrow  beach,  100  to  200 
yds.  wide,  between  which  and  the  river  channel  are  shoals  from  1  to  2 
miles  broad.  Then  the  barrier  widens  into  a  lozenge-shajjed  piece  of 
marsh,  known  as  Smith  Island,  with  high  gi'ound  on  its  southern 
face.  Cape  Fear  forms  the  southern  and  sea  point  of  the  lozenge. 
Baldhead  Point,  its  western  angle,  forms  the  eastern  bank  of  the 
mouth  of  Cajie  Fear  Eiver.  A  higher  point  of  sand  between  Federal 
Point  and  Smith  Island  is  known  as  Zekes  Island.  Cape  Fear  is 
prolonged  seaward  for  17  miles  by  the  Frying  Pan  Shoals,  on  which 
the  depth  varies  from  7  to  16  ft.  Appearances  would  indicate  that 
the  mouth  of  the  x'iver  at  some  time  had  been  near  Federal  Point,  but 
that  the  coast  sand  movement  had  formed  a  bar  and  deflected  it  to  the 
south,  where  it  found  a  more  sheltered  mouth  behind  the  obstruction 
which    formed    Smith    Island   and   the  Frying  Pan   Shoals.     In  ita 
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present  condition  this  strip  of  beach,  with  Cape  Fear  and  the  Shoals, 
form  a  natural  jetty,  which  has  enabled  the  river  to  maintain,  unaided, 
a  14-ft.  channel  to  the  sea. 

The  distance  from  Wilmington  to  Baldhead  Point  is  27^  miles,  and 
for  this  distance  the  area  of  the  tidal  basin  formed  by  the  Cape  Fear 
Kiver  is  37  sq.  miles,  with  a  rise  of  tide  of  4.5  ft.  at  the  ocean  and  2.5 
at  "Wilmington.  The  mouth  of  the  river  is  1.25  miles  wide.  The  esti- 
mated volume  of  flow  through  it  is  160  000  cu.  ft.  per  second  for  each 
tide.  The  average  fresh- water  discharge  into  the  basin  is  14  000  cu.  ft. 
per  second;  and  the  influence  of  the  tide  is  felt  ordinarily  for  30,  and 
during  very  low  stages  of  the  upper  river  for  54,  miles  above  Wil- 
mington. The  right  bank  of  the  estuary  is  low  and  marshy  half  way 
to  the  sea;  elsewhere  the  banks  are  generally  high  and  sandy.  The 
channel  between  "Wilmingion  and  the  sea,  which  had  an  available 
depth  of  9  ft.  in  1870,  is  being  deepened  to  18  ft.  at  mean  low  water  by 
contraction  and  dredging.  At  two  j^oints  in  the  river  where  the 
natural  dei^th  was  14  ft.,  many  stumps  of  cypress  and  a  few  of  pine 
trees  were  found  firmly  imbedded  in  the  bottom,  erect,  and  apparently 
in  the  position  in  which  they  grew. 

The  entrance  to  the  Cape  Fear  Biver  is  obstructed  by  a  bar  occu- 
pying a  fan-shaped  area  on  both  sides  of  the  river  mouth,  6  miles  long 
on  the  coast  line  and  2  miles  wide  oflf  the  entrance.  The  main  chan- 
nel across  this  bar  passes  close  to  Smith  Island,  at  Baldhead  Point, 
directly  seaward.  It  is  known  as  Baldhead  Channel,  and  is  compara- 
tively permanent  in  direction.  A  shoaler  channel,  known  as  the  West- 
ern Channel,  passes  to  the  south,  close  around  the  point  of  Oak  Island, 
which  forms  the  west  side  of  the  entrance.  Inside  the  mouth  a  well- 
defined  channel,  ^  mile  wide  and  with  depths  varying  from  25  to  50  ft., 
extends  as  far  as  the  Horseshoe  Shoals,  between  Zekes  and  Smith 
Islands,  a  distance  of  5  miles.  The  deep  channel  there  is  broken  up, 
and  a  single  well-defined  channel  is  not  found  until  after  Federal  Point 
is  passed.  ' 

"Prior  to  1761  the  Cape  Fear  River  was  reported  as  allowing  vessels 
of  14  ft.  draft  to  pass  over  its  main  bar  at  low  water,  and  to  enter 
the  river  by  the  same  route  as  they  follow  to-day.  In  1761,  however, 
during  a  violent  equinoctial  storm  of  four  days'  continuance,  the  wind 
and  sea  made  a  breach,  reported  .at  first  as  18  ft.  deep  at  high  water, 
and  later  as  not  over  2.5  ft.  deep  at  low  water,  and  nearly  i  mile  wide, 
through  the  sand  banks  to  the  Cape  Fear  River,  about  8  miles  above 
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its  former  bar  entrance,  at  a  place  called  Haulover  (between  Federal 
Point  and  Zekes  Island).  This  breach,  cutting  oflf  6  miles  of  the  river's 
length,  gradually  increased  in  importance,  so  as  to  form  a  ne^^•  mouth 
for  the  river,  deepening  from  6  ft.  at  low  water  in  1797  to  10  ft.  at 
low  water  in  1839,  and  received  the  name  of  '  New  Inlet. '  The  effect 
of  this  new  mouth  upon  the  river  was  to  diminish  the  depth  of  water 
upon  the  main  bar  entrance  from  15  ft.  in  1797  to  9  ft.  in  1839."  Up 
to  1839  "  Baldhead  Channel  was  the  natural  and  main  entrance  to  the 
river.  From  1839  to  1872  both  the  rii^s  (western  channel)  and  New 
Inlet  were  the  main  entrances,  and  the  use  of  Baldhead  was  discon- 
tinued. Since  1872,  and  the  closure  of  the  New  Inlet,  Baldhead  has 
again  become  the  main  channel,  and  has  been  gradually  regaining  its 
former  depth."* 

In  1821  the  State  of  North  Carolina  began  the  improvement  of  the 
river  between  "Wilmington  and  the  mouth,  building  some  works  of 
contraction,  and  dredging  on  the  worst  shoals.  In  1829  the  United 
States  assumed  charge  of  the  work,  and  continued  operations  until 
1841.  During  this  period  the  channel  dejDth  below  Wilmington  was 
increased  from  7.5  to  9.5  ft.,  the  depth  on  the  bar  at  the  entrance. 
In  1852,  with  an  aijprojjriation  of  8140  000,  the  imjjrovement  of  the 
mouth  was  started.  A  dike  was  built  between  Zekes  and  Smith 
Islands,  to  prevent  a  further  widening  of  New  Inlet,  and  a  jetty  300 
ft.  long  was  placed  at  Baldhead  Point  for  its  protection.  In  1857  a 
heavy  gale  wrecked  the  dike  beyond  repair  with  the  funds  available. 
The  Baldhead  Point  jetty  fulfilled  its  object  until  1871,  when  it  was 
flanked  by  the  sea. 

The  next  appropriation  for  this  work  was  made  in  1870.  At  this 
time  the  channel  dej)th  between  "Wilmington  and  the  bar  was  9  ft. 
The  New  Inlet  was  4  000  ft.  wide,  had  a  least  channel  depth  of  7 . 5  f t. , 
and  was  traversed  by  tidal  currents  vdth  velocities  of  6  miles  per  hour. 
This  least  depth  was  found  at  its  inner  end,  showing  the  preponder- 
ance of  the  flood-current  action.  Zekes  Island  had  nearly  disap- 
peared, and  between  it  and  Smith  Island  was  another  opening  4  000 
ft.  wide  in  which  the  low-water  dejjths  varied  from  0  to  20  ft.  At  the 
river  mouth  proper,  the  Baldhead  Channel  had  decreased  in  depth  to 
7  ft.,  and  the  "Western  Channel  had  a  depth  of  9.5  ft.  In  the  river 
channel,  between  Federal  Point  and  Southport,  for  2j  miles  at  Horse- 
shoe Shoals,  the  water-way  was  divided  into  several  small  channels, 
separated  by  bulkheads  having  on  them  depths  of  9  ft.  and  less. 

*  Captain  Bixby,  Cape  Fear  River  Improvement. 
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The  total  distance  l)y  river  bt^twcen  Fedei'al  Point  and  tlie  Baldhead 
Channel  bar  is  9  miles.  The  tidal  changes  at  New  Inlet  occurred 
from  one  to  two  and  a  half  hours  before  the  influence  of  the  change 
at  Baldhead  Channel  bar  could  be  transmitted  through  the  river  chan- 
nel to  the  same  point.  In  158  tides  observed  in  1880,  the  average 
greatest  differences  in  height  on  the  two  sides  of  the  New  Inlet  dam 
were  1.14  ft.  during  floods,  and  1.53  ft.  during  ebbs,  the  gi-eatest 
being  2.5  ft.  for  floods  and  3.4  ft.  for  ebbs.  The  water  on  the 
sea  side  was  highest  during  floods  and  lowest  during  ebbs.  There 
resulted,  before  the  dam  was  built,  an  interchange  of  water  between 
the  two  entrances  at  each  change  of  tide,  with  corresponding  ill  effects 
in  the  river  channel,  as  shown  by  Horseshoe  Shoals  below  Federal 
Point.  The  material  of  the  bottom  and  sides  of  New  Inlet  and  of 
the  beach  was  sand.  Back  of  the  beach,  north  of  Smith  Island,  was 
found  marsh  mud,  with  occasional  oyster  bars.  The  shoals  were  com- 
posed of  a  mixture  of  mud  and  sand. 

It  was  decided  to  deei^en  the  channel  over  the  entrance  bar  by 
deflecting  all  of  the  flow  through  the  one  mouth  by  closing  the  open- 
ings through  the  beach,  assisting  the  natural  scour  by  dredging  ;  also, 
to  dredge  a  channel  through  Horseshoe  Shoals.  The  first  step  was  to 
build  up  Zekes  Island  and  to  close  the  oisening  between  it  and  the 
beach  extending  north  from  Smith  Island.  This  was  successfully 
accomplished  in  1873.  The  new  dike  then  formed  the  south  side  of 
New  Inlet.  During  the  same  year  the  beaches  were  built  uj)  several 
feet  by  sand  catches  and  plantations  of  beach  grass. 

The  dike  across  New  Inlet  was  then  started.  It  crossed  the  inner 
end  of  New  Inlet  and  joined  the  north  end  of  Zekes  Island  dike. 
After  much  difiiculty,  on  account  of  the  rapid  currents  and  the  unstable 
material  of  the  bottom,  this  was  finished  in  1881,  completely  closing 
New  Inlet.  The  efi"ects  of  the  work  were  manifest  at  once  at  the  river 
mouth.  The  currents  there  were  increased,  and  the  flow  became  more 
concentrated.  Baldhead  Channel  deepened  to  10  ft.  in  1874,  and  to  14 
ft.  in  1881,  while  the  Western  Channel  shoaled  to  9  ft.  in  1874,  and  to  6^ 
ft.  in  1881.  The  beach  began  to  form,  immediately,  across  the  mouth 
of  New  Inlet,  until  in  1880  the  visible  accretion  in  that  neighborhood 
was  over  1  500  000  cu.  yds. 

As  soon  as  New  Inlet  was  completely  closed,  the  river  and  sea 
sought  to  flank  it  by  cutting  through  the  beach  north  of  Smith  Island. 
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An  attempt  was  made  to  close  this  "swash"  by  liglit  pilework,  but 
tlie  tidal  currents  were  too  strong  and  the  exposure  too  great.  As  these 
swashes  continued  to  increase  in  -n-idth  and  depth,  a  new  dike  was  de- 
termined on  to  connect  Zekes  Island  with  the  Smith  Island  marsh, 
and  thus  to  prevent  effectually  an  injurious  deepening  of  the  swashes. 
For  its  better  protection  it  was  j^laced  |  mile  back  from  the  beach,  near 
the  inner  edge  of  the  shoals  which  there  form  the  river  bank.  This  was 
finished  in  1888 ;  since  that  date  there  has  been  a  continual  increase  of 
the  height  and  width  of  the  outside  beach.  After  1870  Baldhead  Point 
began  to  wear  away  rapidly.  At  the  same  time  a  hook  was  formed, 
leading  inward  from  the  point,  which  held  the  mouth  at  its  existing 
width,  neutralizing  the  effect  of  the  erosion.  In  1886  a  large  accretion 
began  to  form  to  the  southeast  of  the  point.  In  1889  this  accretion 
had  reached  the  point,  and  it  still  continues. 

In  1874  a  suitable  hydraulic  dredge  was  bought  for  work  on  the 
bar.  She  worked  there,  weather  permitting,  during  1874^75,  1878-82, 
and  from  1887-92,  and  removed  in  all  395  000  cu.  yds.  of  sand  from  the 
bar  channel  and  155  000  cu.  yds.  from  the  channel  through  Horseshoe 
Shoals.  She  also  worked,  from  time  to  time,  during  four  more  years, 
during  which  no  record  was  kept.  Since  1870  dredging  has  been  car- 
ried on  by  contract,  as  well,  in  the  nine  shoals  between  Wilmington  and 
the  mouth,  and  under  the  demands  of  the  increasing  commerce  the 
protected  low-water  channel  depths  have  been  increased  from  12  ft.  m 
1874  to  16  ft.  in  1881,  and  18  ft.  in  1892.  The  total  amount  of  material 
removed  up  to  June  30th,  1892,  was  4  778  000  cu.  yds.  The  total  cost 
of  the  improvement  from  1870-1892  has  been  $2  271  300.  The  results 
have  been  the  formation  of  a  channel  having  least  depths  at  mean 
low  water  of  17  ft.  at  outer  bar  in  Baldhead  Channel,  and  of  16  ft. 
through  Horseshoe  Shoals  and  thence  to  "Wilmington,  excepting  for 
300  ft.  at  Lilliput  Shoals,  near  Wilmington,  where  the  depth  is  15  ft. ; 
while  the  total  commerce  of  the  port  has  increased  from  a  valuation  of 
$13  500  000  in  1870  to  a  valuation  in  1891  of  $23  093  120. 

The  channels,  as  formed,  will  need  dredging  from  time  to  time, 
and  near  Horseshoe  Shoals  will  require  the  assistance  of  deflecting 
works;  but  the  main  work,  the  closing  of  the  false  river  mouth,  seems 
stable,  and  by  the  growth  of  the  outside  beach,  gains  strength  year  by 
year.  The  tidal  ranges,  at  Wilmington  and  Southport,  have  remained 
unchanged  throughout  the  im^jrovement. 
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Methods  and  Plant.  Zekes  Inland  Bike,  1870-73. — This  dike  was 
"built  of  timber  cribs,  filled  with  stone,  and  floored  and  covered  with 
plank.  This  method  of  construction,  similar  to  that  in  use  on  the 
Great  Lakes,  was  adojjted  to  save  stone,  timber  being  cheap  and  stone 
dear.  The  work  was  started  from  the  Smith  Island  Beach,  and,  as  it 
progressed,  much  difficulty  was  experienced  in  placing  the  cribs  on  ac- 
count of  the  high  velocities  in  the  narrowing  water-way, which  induced 
so  much  scour  that  two  of  the  cribs  were  sunk  in  water  30  ft.  deep. 

"From  the  very  commencement  of  the  work  at  Smith  Island,  a 
sand  spit,  somewhat  above  high  water-mark,  followed  along  on  the 
outer  or  sea  side  of  the  work;  its  extreme  point,  however,  always  keep- 
ing a  little  behind  the  advanced  superstructure.  Nor  would  this  sand 
spit  join  the  work  at  any  point,  but  followed  along  in  a  direction  gen- 
erally parallel  to  the  work,  and  at  a  distance  from  it  varying  from  40 
to  200  ft.  This  left  a  water-way  along  the  work  in  which  the  tide  rose 
and  fell  with  the  tide  of  the  Inlet.  It  was  partly  supplied,  however, 
by  water,  which,  at  certain  points  (particularly  at  the  deep  holes), 
leaked  through  the  crib-work.  To  avert  any  disaster  which  might  re- 
sult from  this,  and  to  encourage  the  accumulation  of  sand  on  the  outer 
side  to  protect  the  timber  from  worms,  several  useless  and  worn-out 
flats  were  sunk  at  the  narrow  points  of  this  water-way,  connecting  the 
work  with  the  sand  sj^it.  About  30  000  sand  bags  were  also  filled  and 
deposited  along  both  sides  of  the  work.  The  result  was  that  several 
ponds  were  formed  along  the  outer  side,  which  began  rajjidly  to  fill  ujj 
■with  sand.  As  the  superstructure  apj^roached  completion,  the  accu- 
mulation of  sand  became  very  rapid,  not  only  in  the  ponds,  but  along 
the  entire  work.  Numerous  shoals — far  beyond  the  sand  spit — also  be- 
gan to  show  themselves  at  low  water."* 

This  dike  soon  was  covered  completely  by  sand,  and  was  never  seri- 
ously damaged  by  the  gales.  It  was  4  403  ft.  long,  and  cost  §60  per 
running  foot.     It  was  finished  in  1873. 

New  Inlet  Dike,  1874-81. — To  provide  a  good  landing,  and  to  make  a 
shelter  for  flats  and  boats  used  in  the  work,  a  crib-work  pier,  500  ft. 
long,  was  built  from  Federal  Point  into  New  Inlet. 

"As  the  work  progressed,  a  very  serious  deepening  occurred  in 
advance  of  the  line  of  cribs.  By  the  time  200  lin.  ft.  had  been  placed  m 
position,  cribs  12  ft.  in  depth  were  required  where  originally  there  were 
only  6  ft.  of  water;  and  when,  in  November  following,  the  last  crib  (com- 
pleting the  500  ft.)  was  placed  in  position,  it  was  sunk  in  19  ft.  of  water, 
the  original  depth  having  been  only  6  ft.  Many  of  the  cribs  settled 
rapidly  after  having  been  put  in  position,  and  it  was  only  by  great 
*  Captain  PhiUips,  Rep.  of  Chf.  of  Engrs.,  1876-1-325-326. 
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exertions  that  the  cribs  could  be  built  upon  fast  enough  to  keep  them 
above  low  water-mark."*     The  use  of  cribs  was  then  abandoned. 

In  1875  the  final  closure  of  New  Inlet  was  begun  by  laying  across 
the  remainder  of  the  Inlet  an  apron  of  log  mattresses  (with  the  logs  at 
right  angles  to  the  axis  of  the  jetty)  covered  with  a  layer  of  brush  and 
loaded  with  stone.  The  total  length  was  4  300  ft.,  and  the  Avidth  of 
mattresses  varied  from  40  to  70  ft.  according  to  the  depth,  being  de- 
signed for  a  top  width  of  rijD-rap  dike  of  16  ft.  at  ordinary  low  water, 
with  a  slope  of  1  on  2  toward  the  sea,  and  of  1  on  1  toward 
the  river.  The  scour  in  advance  of  this  apron  was  about  3  ft.,  and 
before  the  dike  was  built  upon  it,  there  was  no  settlement  after  the 
mattresses  were  placed  in  position.  At  the  close  of  the  fiscal  year 
1878,  the  apron  had  been  raised  to  the  low  water-mark,  and  this  partial 
stoppage  developed  a  difference  of  head  on  the  two  sides  which, 
toward  the  close  of  the  ebb,  became  at  times  as  great  as  2  ft.  There 
was  also  a  heavy  flow  across  the  top  of  the  dike.  The  inherent  weak- 
ness of  the  log  mattress  apron  quickly  showed  itself.  Under  the 
pressure  produced  by  the  head,  in  all  the  shoaler  portions  of  the 
work,  the  water  found  its  way  between  and  under  the  logs  of  the 
mattresses,  and  gradually  settled  the  foundations,  so  that  there  was 
no  portion  of  the  dam  (exceijting  short  lengths  at  the  shores)  where 
the  base  was  less  than  12  ft.  below  mean  low  water.  No  settlement  was 
observed  where  the  original  depth  exceeded  14  ft.  at  mean  low  water,  f 
The  scour  along  the  edges  of  the  foundations,  due  to  flow  over  the  dike, 
was  generally  from  8  to  12  ft.  Work  was  continued,  as  funds  became 
available,  by  building  up  the  crest  with  rip-rap  until  the  limit  of 
subsidence  had  been  reached.     It  was  then  capped  with  heavy  stone. 

In  1881  the  dike  was  practically  completed.  Its  crest  is  1  ft.  above 
high  water  of  ordinary  spring  tides.  Above  the  low  water-line  it  has  a 
capping  of  undressed  granite  blocks,  weighing  from  ^  to  4  tons,  laid 
by  hand  to  a  smooth  face,  and  having  a  slope  of  1  on  2  on  the  sea 
face  and  a  more  gentle  slope  to  the  rear.  The  bulk  of  the  dike  is 
composed  of  one  man  stone,  which  took  a  slope  of  about  1  on  2  on  the 
sea  side  and  of  1  on  1 J  on  the  land  side.  The  whole  dam  is  4  752  ft. 
long,  contains  about  182  821  cu.  yds.  of  material,  and  cost  complete 
about  $2. 75  per  cubic  yard,  or  ^105  per  linear  foot. 

*  Captain  Phillips,  Rep.  Chf.  of  Engrs.,  1876-1-325,  326. 
t  ilr.  Bacon,  Rep.  Chf.  of  Engrs.,  1878-1-477. 
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Dike  Across  Shuals,  1883-88. — The  foundation  consisted  of  a  brush 
mattress  a^jron,  part  in  sections  and  part  continuous,  in  5  to  12  ft.  of 
•water.  This  mattress  was  broad  enough  to  extend  beyond  the  side  slopes 
of  the  dike,  and  thus  to  act  as  an  apron  for  overflow.  It  consisted  of  three 
layers  of  brush,  of  which  the  lowest  was  transverse  to  the  axis  of  the 
jetty,  the  next  longitudinal,  and  the  third  transverse.  These  were 
comi^ressed  and  held  by  fascine  ropes,  or  binders,  5  to  8  ins.  in  diam- 
eter, strongly  bound  with  spun  yarn.  The  binders  were  parallel  to 
the  axis  of  the  jetty,  and  were  simced  3i  to  4  ft.  apart,  in  sets  of  two, 
one  above  and  one  beneath  the  mattress.  The  brush  was  compressed 
between  the  binders  by  a  lever  to  the  full  strength  of  the  9  to  18 
thread  ratlin  which  tied  the  upper  and  lower  binders  together.  The 
average  thickness  of  the  mattresses  after  compression  was  9  ins.  They 
are  described  as  strong  and  pliable.  A  portion  of  the  foundation  was 
made  of  separate  mattresses,  constructed  on  a  tilting  table,  90  x  30  ft., 
and  towed  to  the  site  of  the  work  and  sunk.  Five  thousand  two  hun- 
dred feet  of  the  foundation  was  made  of  continuous  mattress  work  in 
two  parts,  3  100  and  2  100  ft.  long,  on  a  scow  80  x  28  ft.,  provided  with 
an  inclined  table  60  x  36  ft.  A  section  having  been  launched,  its 
binders  were  spliced  to  binders  on  the  scow,  another  section  was  made, 
and  the  scow  run  from  beneath  on  the  line  of  the  axis  as  before.  The 
sinking  of  the  mattress  by  stone  followed  a  short  distance  behind  the 
scow.  In  the  small  mattresses  made  on  the  tilting  table,  it  was  found 
that  by  practice  an  average  of  25  ft.  in  length  of  fascine  binders 
was  made  each  hour  by  one  man.  After  the  fascines  were  ready  and 
the  binders  spliced,  the  mattresses  were  made  and  fully  bound  at  the 
rate  of  7^  sq.  yds.  for  each  hour's  labor.  The  cost  of  labor  on  mat- 
tresses and  binders  was  3  J  cents  per  square  yard  of  mattress.  The  cost 
of  labor  on  the  continuous  mattresses  made  on  the  scow  was  about  5 
cents  per  square  yard.  The  cost  of  each  style  in  place  was  about  the 
same.  The  cost  of  the  mattresses  in  place,  including  materials  and 
plant,  was  66.2  cents  jser  square  yard,  or,  allowing  AG"^  for  com- 
pression, about  S2.65  per  cubic  yard.  The  cost  of  the  stone  in  place, 
including  handling,  superintendence,  etc.,  was  about  ^2.30  per  cubic 
yard,  assuming  1.12  cu.  yds.  to  the  gross  ton  (the  stone  used  for  sink- 
ing the  mattresses  was  a  very  light  shell  stone). 

The  dike  was  finished  in  1888.  The  total  amount  of  stone  used  in 
construction  was  76  000  cu.  yds.     Its  crest  is  6  ft.  wide  and  is  at  the 
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level  of  high  water  of  ordinary  spring  tides.  The  side  slopes  are 
1  on  li.  The  crest  and  slopes  to  low  water  are  capped  with  heavy 
stone,  hand  laid  to  a  smooth  face,  with  an  average  thickness  of  9  to  12 
ins.  The  cost  of  the  labor  of  placing,  including  wages  of  foreman,  but 
not  superintendence,  was  28.5  cents  per  superficial  yard.  The  average 
subsidence  of  the  dam  due  to  settling  in  the  mud,  comijression  of 
mattresses  and  consolidation  of  rip-rap  was  about  2  ft. 

Hydraulic  Dredge  "  Woodbury." — This  boat  was  bought  and  fitted  as 
a  dredge  in  1874  and  repaired  in  1880.  She  is  a  proi^eller  of  145  tons 
burden,  and  is  provided  with  a  9-in.  centrifugal  pump,  driven  by  a 
double  oscillating  engine,  with  10-in.  cylinders,  and  has  two  suction 
pipes  of  boiler  iron  with  an  internal  diameter  of  6j  ins.  Her  average 
day's  work  was  515  cu.  yds.  Her  bin  capacity  was  45  cu.  yds.,  and  the 
bins  were  frequently  filled  in  25  minutes.  She  could  dredge  in  6  to  14 
ft.  of  water.  She  proved  excei3tionally  efficient  for  ocean-bar  work, 
where  wave  action  is  heavy,  and  was  used  in  Baldhead  Channel. 
When  driven  from  there  by  storms,  she  dredged  in  the  Horseshoe 
Shoals  channels.  The  cost  of  her  dredging,  including  repairs  and  an 
allowance  for  deterioration,  varied  between  11.75  and  14.8  cents  per 
cubic  yard.  The  contract  price  for  similar  dredging  in  the  smooth 
water  of  the  river  during  the  period  under  discussion  varied  from  12 
to  16. 7  cents  per  cubic  yard. 

Remarks. — The  history  of  this  work  may  be  summarized  as  follows : 
Prior  to  1761  the  river  had  but  one  entrance,  the  channel  was  straight 
and  permanent,  with  a  depth  of  14  ft.  Its  direction  was  that  taken 
by  the  ebb  currents  from  the  river.  During  a  heavy  gale  accompanied 
by  an  exceptional  tide,  the  sea  swept  across  the  unprotected  sand 
barrier  9  miles  above  the  bar,  and  the  times  of  the  change  of  tides  on 
the  two  sides  of  the  barrier  being  an  hour  apart,  the  difference  of  head 
developed  tidal  currents  which  scoured  out  the  sand  and  opened  a 
new  mouth.  The  power  of  the  ebb  currents  being  divided,  the  original 
channel  shoaled,  and  three  channels  were  developed  of  which  two,  the 
New  Inlet  and  the  Western,  had  the  characteristics  of  flood  channels, 
all  with  less  available  depth.  The  false  mouth  was  closed,  and  the 
single  channel  with  its  greater  dejith  was  re-established. 

From  the  history  of  the  first  dike  is  seen  the  inadvisability  of 
closing  a  channel  having  rapid  currents  over  an  unstable  bottom  by 
a  dike  built  from  one   side,    to   full  height,   with  large   unyielding 
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elements  (cribs),  causing  heavy  scour  in  advance,  under  and  between  the 
elementary  parts.  The  rapid  advance  of  the  sand  spit  along  with  and 
separated  from  the  dike,  and  its  extension  to  the  dike  by  the  use  of  spurs, 
and  the  tightening  of  the  dike  with  sand  bags,  are  characteristic. 

In  the  New  Inlet  dike  is  seen  the  advantage  of  the  continuous  low 
apron  laid  in  advance,  an  advantage  which  is  partly  lost  by  the  stiff- 
ness and  permeability  of  the  log  mattress,  which,  unless  very  wide, 
and  on  a  bottom  perfectly  level  on  the  line  of  the  logs,  affords,  under 
pressure,  a  water-way  under  and  between  each  of  its  elements,  with 
consequent  scoiir  and  increase  of  depth.  (This  same  action  will  be 
found  later  in  the  history  of  the  St.  Johns  improvement.)  There  is 
also  seen  the  scour  produced  by  the  overflow  before  the  dike  had 
reached  its  full  height,  and  the  final  closure  of  the  water-way  by  simple 
rip-rap,  which,  following  up  the  scour,  soon  reached  the  limit  of 
settlement.  A  more  detailed  history  would  show  also  that  it  was 
impossible  to  hold  light  rock  in  the  dike  above  the  level  of  mean  low 
water  under  the  wave  action  of  even  so  sheltered  a  location  withoiit 
a  capping  of  heavy  blocks,  laid  with  smooth  and  gentle  slopes,  and 
with  the  joints  carefully  chinked. 

In  the  third  dike  is  found  a  better  form  of  mattress,  more  pliable, 
and  with  no  continuous  water-ways,  and  an  apron  at  the  side  to 
protect  from  scour.  Of  this  foundation  Mr.  Bacon,  the  assistant 
engineer  in  local  charge,  says: 

"Notwithstanding  the  pliability  of  the  mattresses,  and  the  fact 
that  the  bottom  fascine  binders  are  longitudinal  with  the  dam,  the 
water  found  its  way  under  the  mattresses  and  caused  a  subsidence 
in  many  places  where  it  could  be  definitely  observed  at  low  water. 
*  *  *  *  The  experience  of  many  years  has  convinced 
me  that  the  foundation  placed  on  sand  or  mud  most  secure  from 
undermining  by  water  is  of  small  stone  rip-rii?.  In  a  soft  founda- 
tion of  comparative  stiffness,  rip-rap  will  settle  more  or  less  and 
finally  secure  the  characteristics  of  an  unified  platform,  and  will 
sujiport  the  weight  required  of  it  with  perfect  stability.  In  a  forma- 
tion of  sand,  the  limit  of  subsidence  is  soon  reached,  and  the  water 
ceases  to  jsass  under  the  stones.  Whenever  the  mattresses  are  not 
covered  with  sand  or  mud  and  are  below  half  tide,  they  are  thor- 
oughly eaten  by  the  teredo  worms.  All  kinds  and  sizes  of  wood  are 
thoroughly  perforated,  down  to  -^a  in-  in  diameter."  * 

The  enormous  extent  of  the  coast  sand  movement  is  seen  from  the 

*  Rep.  Chf.  of  Engrs.,  1886-H-1092. 
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fill  in  the  beach  outside  New  Inlet,  and  the  tendency  to  form  a  con- 
tinuous coast  line  from  the  rapid  closure  of  the  inlets  when  the 
currents  through  them  were  stopped. 

This  successful  work  was  in  charge  of  Colonel  W.  P.  Craighill  from 
1870  until  1884,  of  Captain  W.  H.  Bixby  from  1884  until  1891,  and  since 
that  date,  of  Major  W.  S.  Stanton.  The  assistants  in  local  charge  were 
Captain  C.  B.  Philips,  1872  until  1876;  Mr.  Henry  Bacon,  1876  until 
his  death  in  1891;   and,  since  that  date,  of  Mr.  E.  D.  Thompson. 

Charleston  Hakbob  Entbance. 

The  City  of  Charleston  lies  on  the  point  of  land  formed  by  the 
junction  of  the  Cooper  and  Ashley  Rivers.  The  lower  reaches  of  these 
rivers,  mth  the  irregular  water-way  between  Charleston  and  the  ojien- 
ing  m  the  coast  line  between  SuUivans  and  Morris  Islands,  form  the 
harbor,  with  a  tidal  basin  of  more  than  15  sq.  miles  area.  There  are 
two  tides  daily  with  a  mean  range  of  5.1  ft.  An  extreme  range  of  10.3 
ft.  has  been  observed.  The  mean  duration  of  rise  is  6  hours  15  minutes, 
and  of  fall  6  hours  9  minutes.  The  average  discharge  during  ebbs 
through  the  throat  of  the  harbor,  1|  miles  wide,  between  Sullivans 
and  Morris  Islands,  has  been  estimated  to  be  3  655  000  000  cu.  ft. ,  of 
which  about  76  000  000  cu.  ft.  is  supjilied  by  land  drainage.  The 
capacity  and  safety  of  the  harbor  is  sho^-n  by  the  map  (Plate  III).    • 

The  entrance,  or  throat,  of  the  harbor  lies  at  the  head  of  a  shallow 
re-entering  angle  of  the  coast.  The  coast  line,  rectified  between  a  point 
on  Long  Island  8  miles  northeast  of  the  entrance,  and  the  extremity 
of  Morris  Island,  3t  miles  to  the  south,  would  be  2^  miles  off  Fort 
Moultrie  at  the  entrance,  and  §  mile  to  3  miles  inside  the  18-ft.  contour 
of  the  fore  shore.  The  shoals  known  as  the  Charleston  Bar,  formed  by 
the  influence  of  the  harbor  on  the  coast  drift,  begin  at  a  point  about  1 
mile  northeast  of  the  entrance,  ofi"  Sullivans  Island,  and  separated  from 
it  by  Beach  Channel,  i  mile  wide,  and  extend  from  there  down  the 
coast  for  7  miles.  The  general  depth  on  the  crest  of  the  shoals  varies 
from  3  to  9  ft.,  excepting  in  the  channels.  The  18-ft.  contour  of  the 
outer  slope  is  about  1  mile  seaward  from  this  crest,  and  the  average 
width  of  the  bar  between  the  18-ft.  contours  is  1|  miles.  Charts 
extending  back  to  1780  show  that  the  bar  has  varied  comparatively  but 
little  in  extent,  direction,  or  in  distance  from  the  mouth  uf  the  harbor. 
The  main  central  body  of  the  bar  is  5  miles  long. 
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The  surface  of  the  bar  shows  materials  closely  resembling  those  found 
on  the  seashore  in  that  section  of  the  country,  being  shells,  fragments  of 
shells  and  silicious  sand.  Borings  in  the  northern  end  of  the'  bar  showed 
some  layers  or  lumps  of  mixd,  or  of  sand  and  shells  mixed  with  mud. 
"  So  far  as  we  can  now  ascertain,  there  ajjpear  never  to  have  been  less 
than  four  nor  more  than  six  ship  channels  across  the  bar  at  any  one  time. 
The  greatest  depth  of  water  has  sometimes  been  found  in  one  channel 
and  sometimes  in  another,  being  rarely  less  than  12  ft.  or  more  than  13 3 
ft.  at  mean  low  tide.  These  channels,  whether  four  or  more,  have 
always  existed  in  two  groups  or  clusters,  one  in  the  northern  and  one 
in  the  southern  curved  portions  of  the  bar,  and  there  has  always  been 
&  deep  and  broad  anchorage  inside  the  straight  reach  of  the  bar  abreast 
of  Morris  Island.  *  *  *  *  At  the  extremities  of  this  outer  harbor  or 
T^asin,  several  miles  aj^art,  are  found  the  two  groups  of  channels  already 
mentioned,  the  most  northerly  group  being  directly  in  front  of  the 
-gorge  of  the  harbor." 

"  The  bar  is  essentially  a  drift  and  wave  bar  *  *  *  *  The  jjecu- 
liar  location  of  the  bar,  largely  to  the  southward  of  the  gorge  of  the 
harbor,  and  the  conditions  under  which  a  very  large  proportion  of  the 
•ebb  flow  is  diverted  from  its  most  direct  path  and  forced  to  skirt  the 
main  coast  for  several  miles  before  it  can  find  a  jaassage  to  the  sea, 
indicates  the  controlling  power  of  these  (northeast)  storms.  "* 

All  the  channels  across  the  bar  have  the  characteristics  of  ebb  chan- 
nels excepting  Beach  Channel,  now  closed,  and  a  shallow  channel  close 
along  the  Morris  Island  shore.  The  reports  of  the  chief  signal  officer 
quoted  earlier  show  the  predominance  of  the  northeast  gales.  The 
mud  lumps  on  the  bar  are  easily  accounted  for  by  the  erosion  of  the 
beach  to  and  through  the  underlying  marsh  mud.  Observations  made 
in  1878  showed  ebb  velocities  of  1^  to  1|  miles  per  hour  in  the  north 
channel  in  depths  of  8j  to  9  ft.,  and  in  22  ft.  of  water  on  the  outer 
slope  of  the  bar  of  1  mile  per  hour  at  the  surface  and  }r  mile  per  hour 
at  the  bottom.  "Other  observations  made  at  different  j)oints  of  the 
hax-bor  simultaneously  showed  that  the  flood  tide  made  its  ajipearance 
first  in  the  Beach  Channel  and  afterward  in  each  of  the  channels  to  the 
south  of  it  in  succession,  the  last  of  the  ebb  passing  through  what 
is  called  the  Main  Shij)  Channel  to  the  Pumpkin  Hill  and  South 
channels."! 

The  first  appropriation  by  the  United  States  for  the  improvement 
of  the  harbor  was  made  in  1852.     It  was  ajjplied  to  deejiening  Beach 

*  Rep.  Chf.  of  Enars..  1873-I-55o. 
t  Rep.  Chf.  of  Eugrs.,  1878-1-540. 
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Channel  by  dredging,  but  witliout  substantial  results.  A  short  jetty 
was  also  built  near  Fort  Moultrie  on  Sullivans  Island,  to  protect  the 
beach  from  erosion.  Other  approjjriations  were  made  between  1871 
and  1876.  These  were  used  in  removing  a  portion  of  the  Bowman  Jetty 
on  Sullivans  Island,  for  the  purpose  of  straightening  Beach  Channel, 
in  dredging  in  Beach  Channel  and  in  the  removal  of  wrecks.  In  1874 
and  1875  the  authorities  of  the  City  of  Charleston  attempted  to  deepen 
the  Pumpkin  Hill  Channel  by  dredging.  None  of  the  dredging 
operations  afforded  permanent  relief. 

^  In  1878  a  iiroject  was  adopted  for  deepening  the  channel  over  the 
bar  to  21  ft.  at  mean  low  water  by  means  of  jetties,  in  accordance  with 
the  plans  of  the  late  General  Gillmore.  It  was  proposed  to  construct 
two  jetties,  one  springing  from  Morris  Island  and  the  other  from. 
Sullivans  Island,  curving  toward  each  other  in  such  a  manner  that 
their  outer  ends  on  the  crest  of  the  bar  should  be  ^  to  f  of  a  mile  apart. 
The  outer  ends  of  the  jetties  were  to  rest  on  the  shoals  to  the  north 
and  south  of  the  middle  channel  of  the  north  group  of  three  channels, 
with  the  line  of  the  proposed  jetty  channel  nearly  in  the  pro- 
longation of  the  axis  of  deep-water  flow  through  the  gorge  of  the 
harbor  between  Cummings  Point  and  Fort  Moultrie.  The  jetties  were 
to  be  submerged,  esj)ecially  at  their  inner  ends,  but  the  total  length 
and  height  were  to  be  regulated  by  the  results  obtained. 

Work  on  the  north  jetty  was  begun  in  December,  1878.  A  founda- 
tion course  of  log  mattresses,  varying  in  width  from  40  to  118  ft. , 
ballasted  with  stone,  was  laid  to  the  crest  of  the  bar,  a  distance  of 
14  330  ft.,  with  a  total  height  of  from  2i  to  4  ft.  Beginning  5  300  ft. 
from  the  shore  end,  for  5  800  ft.  seaward,  there  is  a  second  course  of 
mattresses  and  stone.  The  width  of  the  mattresses  varies  from  55  to  90 
ft.,  according  to  the  depth.  Up  to  June  30th,  1892,  175  155  sq.  yds. 
of  mattresses  and  159  369  cu.  yds.  of  stone  (at  2  600  lbs.  to  the  cubic 
yard)  had  been  used  in  the  construction  of  the  jetty. 

The  south  jetty  was  started  in  1880.  In  1887  the  foundation  course 
of  stone-ballasted  mattresses  had  reached  a  point  16  440  ft.  from  the 
shore  end  on  Morris  Island.  The  width  of  the  foundation  varies  from 
40  to  130  ft.  In  the  deep  water  at  and  near  the  crossing  of  the  exist- 
ing main  ship  channel,  the  width  of  the  bottom  course  was  increased 
for  4  256  ft.  by  a  mattress  apron  to  from  135  to  206  ft.  A  second 
course  of  mattresses  was  laid  in  the  deej^est  portions  for  10  586  ft. ,  and  a 
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third  course  for  1  206  ft.  For  a  portion  of  the  distance  short  spurs  were 
made  by  having  each  third  mattress  of  the  foundation  course  longer 
than  the  other  two.  Beyond  the  main  ship  channel  fifteen  sets  of 
spurs,  100  ft.  long  and  50  ft.  wide,  were  laid.  Up  to  June  30th,  1892, 
306  585  sq.  yds.  of  mattresses  and  212  301  cu.  yds.  of  rock  (at  2  600 
lbs.  per  cubic  yard)  had  been  used  in  the  jetty. 

The  width  between  the  sea  ends  of  the  jetties,  center  to  center,  is 
now  2  900  ft.  The  heights  and  lengths  on  June  30th,  1892,  can  be  seen 
on  the  profiles  shown  on  Plate  TV.  Above  the  mattress  work  the  stone 
is  ridged  along  the  jetty  axis  with  a  crest  about  10  ft.  wide.  Under 
wave  action  the  crest  is  lowered,  and  the  stone  assumes  stable  side 
slopes.  When  desirable,  the  crest  is  raised  wdth  more  stone.  Work  on 
the  jetties  continues.  Until  the  sailing  gap,  which  has  been  left  at  the 
point  where  the  main  ship  channel  crosses  the  south  jetty,  has  been 
more  nearly  filled,  the  extent  to  which  the  tidal  flow  must  be  re- 
stricted by  the  jetties  in  order  to  form  and  maintain  the  desired  depth 
of  21  ft.  at  mean  low  water  in  the  jetty  channel  is  more  or  less  con- 
jectural. Too  many  conditions  must  be  considered  to  permit  this  to 
be  calculated.  This  gap  cannot  be  closed  until  the  jetty  channel  has 
become  the  main  ship  channel,  and  the  usefulness  of  the  old  shij} 
channel  has  ceased. 

The  cost  of  the  mattresses  in  place  was  from  49  to  72  cents  j^er 
square  yard;  of  the  ballast  stone  in  place,  from  83.09  to  83.60  per 
cubic  yard;  of  the  one  man  stone  in  the  superstructure,  81.90  per 
short  ton  ($2.47  per  cubic  yard);  and  of  the  heavy  stone,  in  ^  to  5-ton 
blocks,  from  81.90  to  82.15  per  short  ton  (82.47  to  82.80  per  cubic 
yard),  not  counting  cost  of  insjDection  and  superintendence.  The 
total  cost  of  the  work,  including  the  protection  of  Morris  and  Sul- 
livans  Islands  and  dredging,  from  1878  to  June  30th,  1892,  is  about 
82  190  000,  The  cost  of  the  jetties  to  the  same  date  has  been  870.46 
per  lineal  foot. 

In  1884  and  1885,  85  549  cu.  yds.,  and  from  1890  to  1892,  205  421  cu. 
yds.,  of  material  were  removed  from  the  jetty  channel  by  dredging. 
The  cost  of  the  dredging  by  contract  was  in  1885  30  cents  per  cubic 
yard,  and  in  1890  and  1891  17t  cents  per  cubic  yard.  Dredging  carried 
on  with  United  States  plant  cost  in  1892  11^  cents  per  cubic  yard. 

The  results  of  the  work  on  the  jetty  channel  have  been  (1)  a 
general  movement  of  the  crest  of  the  bar  there  seaward,  between 
1882    and   1892,    of  3  600  ft.    in    the   north  third,   and   of    5  600  ft. 
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on  the  middle  third,  between  the  jetties;  (2)  an  increase  of  least  depth 
of  Ij  ft.  in  the  first  area,  or  Sh  in  the  second,  and  of  i  ft.  in  the 
south  third;  (3)  an  increase  of  the  outer  slojie  of  the  bar  from  1  on 
300  to  1  on  200  m  the  first  area,  and  from  1  on  200  to  1  on  150  in  the 
middle  area;  and  (4)  a  general  deepening  of  the  entire  area  between  the 
jetties.  The  advance  of  the  outer  slojje  of  the  bar,  as  shown  by  the 
18-ft.  contour,  was  about  400  ft. 

More  recent  surveys  show  a  least  mean  low-water  depth  of  15  ft.  (in 
February,  1893)  on  the  sailing  range;  a  further  increase  of  the  general 
dei^th  between  the  jetties;  and  a  further  movement  seaward  of  the 
crest  of  the  bar  between  the  jetties.  "The  water  between  the  jetties 
at  the  strength  of  the  ebb  tide  is  about  7  or  8  ins.  higher  than  it  is  on 
the  outside  at  the  same  distance  from  shore.  This  is  the  maximum 
difference,  and  is  found,  say,  about  1  000  ft.  outside  of  the  present  inner 
end  of  the  high-water  portion  of  the  south  jetty."*  Recent  current 
measurements  show  a  corresponding  increase  in  the  strength  of  the 
ebb  currents  in  the  jetty  channel. 

Materials  and  3Ie(kods. — The  last  advertisement  for  j)roposals,  calling 
for  bids  to  furnish  mattress  work,  stone  and  dredging,  describes  the 
mattresses  to  be  used  as  follows  : 

"Rafts  of  round  logs  will  be  prepared.  The  logs  must  not  be  less 
than  12  ins.  average  diameter,  and  no  log  shall  be  less  than  9  ins.  in 
diameter  at  the  small  end.  They  must  be  placed  in  close  contact,  side 
by  side,  and  firmly  held  by  transverse  pole  binders,  spiked  to  them 
with  spikes  not  less  than  15  ins.  long.  A  layer  of  live  wood  brush,  1  ft. 
thick  when  closely  packed,  will  be  placed  upon  the  logs  and  secured  by 
poles  lashed  to  the  binders  of  the  raft.  The  binders  will  be  small  logs 
or  poles  not  less  than  6  ins.  in  diameter  at  the  small  end.  They  will 
be  placed  not  more  than  8  ft.  apart,  and  those  on  the  outside  will  be 
close  to  the  end  of  the  logs. " 

The  mattresses  are  to  be  100  ft.  wide.  These,  when  used,  are  to  be 
covered  with  3  ft.  of  stone  in  pieces  not  less  than  10  lbs.,  nor  more  than 
250  lbs. ,  in  weight.  They  will  be  used,  should  a  further  extension  of  the 
jetty  be  decided  upon.  On  these  will  be  piled  stone,  in  pieces  from  1  to  7 
tons  in  weight,  along  the  axis  of  the  jetty  to  the  level  of  high  water,  with 
crest  from  5  to  10  ft.  wide,  and  such  side  sloj^es  as  the  stone  will  take. 

All  stone  is  required  to  be  hard  and  compact,  and,  where  exposed  to 
wave  action,  it  must  be  hard  and  heavy  granite.  It  is  to  be  paid  for 
in  tons  of  2  000  lbs.,  as  determined  by  railroad  weight,  or  by  the  dis- 
placement of  lighters,  provided  with  a  3-in.  well  within  12  ft.  of  each 
*  Captain  Abbot,  letter  of  March  14th,  1893. 
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end,  to  measure  the  draft,  as  will  be  described  later.  The  disiilace- 
inent  of  tlie  lighters  xiuder  the  various  loads  will  be  determined  by 
l)iling  on  known  weights.  The  prices  for  stone  under  these  specifica- 
tions are  §3.20  per  ton  for  shore  work,  and  from  ^2.25  to  ^2.35  for  the 
remainder,  according  to  the  location  of  the  work;  for  mattresses,  the 
price  bid  is  §1-25  per  square  yard,  and  for  dredging,  28  cents  per  cubic 
yard.  The  matt:  esses,  as  described  above,  are  practically  the  same  as 
have  been  used  throughout  the  Avork. 

Since  1889  a  large  proportion  of  the  stone  used  in  the  work  has  been 
taken  from  the  Government  quarry  at  Edgefield,  144  miles  from  Charles- 
ton. It  is  brought  by  rail  to  Charleston  and  lightered  to  the  jetties. 
The  work  was  done  by  hired  labor  until  October,  1893;  since  that  date, 
entirely  by  contract.  Excepting  the  railroad  equipment,  about  one- 
third  of  the  plant  used  is  the  property  of  the  United  States,  which  is 
now  hired  by  the  contractor.  The  rock  is  a  heavy  compact  granite,  and 
is  taken  out  in  blocks  weighing  from  20  lbs.  to  7  tons,  as  much  as  pos- 
sible in  the  large  sizes.  It  is  i)laced  in  the  jetty  by  the  aid  of  a  derrick- 
scow,  which  carries  a  Lidgerwood  hoisting  engine,  capable  of  lifting 
8  000  lbs.  on  a  running  line,  and  operating  a  turn-table  derrick  of  10 
tons  capacity.  No  special  difiiculty  was  found  in  handling  the  rock  in 
the  swells  prevailing,  exce^jting  that  the  elasticity  of  the  line  was  in- 
sufficient to  enable  the  cog-gearing  of  the  turn-table  as  first  used  to 
withstand  the  shocks  incident  to  lifting  the  heavy  weights  in  a  seaway. 
It  had  to  be  replaced  by  another  device.  The  saving  to  the  United 
States  in  1892  by  the  use  of  its  own  quarry  and  jjlant  amounted  to 
between  40  and  50  cents  a  ton,  without  any  allowance  for  cost  and  de- 
terioration of  plant.  At  present  the  work  is  all  done  by  contract,  pur- 
suant to  the  provisions  of  the  River  and  Harbor  Act  of  July,  1892,  the 
Oovernment  plant  being  rented  to  the  contractor  for  ^3  375  per  month. 

Dredge. — In  1891  a  hydraulic  dredge,  suitable  for  work  on  the  bar, 
was  built  by  the  United  States.  The  dredge  is  122.5  ft.  long,  30  ft. 
beam,  and  has  12  ft.  depth  of  hold.  She  is  furnished  with  a  steeple, 
compound,  Sullivan,  propelling  engine,  with  cylinders  17  and  32  ins. 
in  diameter,  and  22-in.  stroke.  She  has  one  proi^eller,  7  ft.  in  diameter, 
and  on  her  trial  trip,  without  a  load,  had  an  average  speed  of  10  miles 
jjer  hour.  Her  pumping  machinery  is  of  the  B.  C.  Howell  pattern,  and 
consists  of  a  230  H.  P.  compound  engine,  coupled  direct  by  a  shaft 
to  a  centrifugal  pumj)  with  a  14i-in.  suction,  and  a  15-in.  discharge  pipe. 
Her  maximum  bin  capacity  is  about  270  cu.  yds.     Her  crew  is  16  men. 
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Experience  had  shown  that  on  a  sand  and  drift  bar,  in  a  seaway, 
snch  as  is  found  between  the  jetties,  dredging  can  be  carried  on  eco- 
nomically only  by  a  powerful,  self-proiselling,  hydraulic,  hopper  dredge, 
having  sufficient  speed  and  bin  capacity. 

It  is  interesting  to  note  that  hydraulic  dredging  with  a  centrifugal 
pump  was  invented  at  Charleston  in  1855  by  Mr.  Lebby.  The  late 
General  CuUum  was  at  that  time  the  engineer  in  charge  of  the  harbor 
work.  He  was  much  impressed  by  the  capabilities  of  the  method,  and 
with  his  encouragement  a  powerful  j)ropeller  was  fitted  with  a  bin  and 
a  pump  6  ft.  in  diameter,  having  a  19-in.  suction.  She  was  used  in  the 
Sullivans  Island  channel  in  1857  with  great  success,  the  average  day's 
work  being  328  cu.  yds.  and  the  maximum  1  005  cu.  yds.  Although  man- 
ifestly the  method  most  suitable  for  dredging  in  a  rough  seaway,  it 
seems  to  have  fallen  into  disuse  during  the  Civil  War.  It  was  revived  in 
1871,  when  the  steamer  Henry  Burden  was  fitted  for  hydraulic  dredg- 
ing upon  plans  devised  by  Captain  (now  Major)  "William  Ludlow, 
Corps  of  Engineers,  under  the  orders  of  the  late  General  Gillmore,  sub- 
stantially in  the  manner  still  in  use  for  hydraulic  dredging  from  a 
steamer  under  headway.  A  full  description  of  her,  as  she  was  fitted  in 
1875,  is  to  be  found  in  the  Annual  Report  of  the  Chief  of  Engineers 
for  1875.  She  did  efficient  service  in  Charleston  and  several  of  the 
other  South  Atlantic  Coast  harbors. 

Reviarks. — General  Gillmore's  project  for  the  improvement  of 
Charleston  Harbor  has  been  criticized  widely,  both  favorably  and  unfa- 
vorably, by  members  of  the  engineering  jirofession.  A  cause  for  a  jjor- 
tion  of  the  unfavorable  criticism  may  be  found  in  the  apparent  delay  in 
the  attainment  of  marked  results.  This  delay  is,  however,  accounted  for 
fully  when  the  scope  of  the  project  is  understood  and  considered  along 
with  the  meager  and  intermittent  supply  of  money  for  carrying  it  into 
execution.  The  estimated  cost  of  the  completed  work,  as  revised  by 
Captain  Abbot,  the  engineer  in  charge  in  1889,  is  S4  380  000  if  the 
jetties  are  built  to  mean  low  water  only,  and  $5  300  000  if  brought 
throughout  to  3  ft.  above  mean  low  water.  Up  to  June  30th,  1892,  the 
appropriations  averaged  §157  000  per  annum,  made  in  nine  appropria- 
tions, an  annual  allowance  of  about  ^\%  of  the  total  cost. 

The  reasons  which  guided  General  Gillmore  in  the  formation  of  the 
project  are  to  be  found  in  Part  I,  Report  of  the  Chief  of  Engineers,  for 
1878.      His  recommendation  to  keep  the  inner   ends   of    the   jetties 
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submerged  is  for  the  two-fold  jnirpose  of  admitting  the  flood  tide 
more  freely  and  of  attempting  to  prevent  any  considerable  seaward 
movement  of  the  main  body  of  the  bar.  The  growth  seaward  of  the 
shore  on  the  north  side  of  a  high  north  jetty  at  Charleston  was  to  be 
anticipated  from  the  known  sand  movement  of  the  coast  and  from 
the  observed  effects  at  other  harbors.  It  was  General  Gillmore's  belief 
that  with  the  inner  end  of  the  north  jetty  low,  the  moving  sand  would 
cross  the  jetty,  be  carried  to  sea  by  the  strong  ebb  current  from  the 
harbor,  and  then  be  moved  to  the  south,  after  passing  the  ends  of  the 
jetties,  by  the  same  storm  movement  which  brought  it  in.  Up  to 
the  present  time  absence  of  growth  of  the  shoal  north  of  the  north 
jetty,  and  the  continuous,  though  slow,  deepening  of  the  jetty  channel, 
apparently  show  the  correctness  of  this  hypothesis.  It  remains  to  be 
seen  whether  the  ebb  currents  can  be  sufficiently  controlled  by  the 
submerged  jetties  to  produce  head  enough  to  create  the  velocities 
necessary  for  scouring  out  the  deeper  channel. 

Though  progress  has  not  been  rapid,  the  final  deepening  of  the 
jetty  channel  cannot  be  doubted.  Should  a  modification  of  the  jetty 
heights  be  necessary,  it  can  be  made  easily.  The  present  work  of 
ridging  the  stone  above  low- water  level  is  only  temjaorary  in  character, 
and  a  lowering  under  wave  action  is  expected.  The  crest  can  be  raised 
and  made  permanent  later,  or  left  low,  as  may  prove  most  expedient. 
In  the  meantime  there  is  no  increase  in  cost,  and  with  each  month 
valuable  information  is  gained  from  the  observed  effects. 

The  log  mattresses,  as  used  in  Charleston  Harbor,  have  proved 
satisfactory  to  the  engineer  in  charge  for  foundation  work.  For  a 
rough  site,  he  condemns  them. 

"  Where  ridged  stone  has  been  used  in  the  work  done  under  previ- 
ous appropriations,  it  is  impracticable  to  use  mattresses  (log)  unless 
the  ridge  be  first  leveled  off.  *  *  *  *  Mattresses  which  sunk  in  per- 
fectly good  shape  on  the  rough  stone  jjiles  near  the  former  Drunken 
Dick  Gap,  broke  to  pieces  as  they  received  the  additional  loading  of 
stone,  and  some  of  the  l-ogs  stood  up  10  or  15  ft.  above  the  general 
level.  It  was  found  to  be  very  hard  to  get  stone  to  stay  on  them  at  all, 
the  mattress  breaking  in  the  middle,  forming  a  sort  of  sloping  roof  to  the 
work  beneath,  and  the  rip-rai?  sliding  off  into  deep  water  on  either  side.  "* 

The  rejjorted  settlement  in  the  low  jetties  was  generally  from  1  to  2 
ft.,  excepting  in  Beach  Channel  where  it  Avas  3^  ft.  No  settlement  has 
been  reported  since  the  jetties  crossed  the  natural  channels.     When 

*  Captain  Abbot,  Rep.  Chf.  of  Engrs.,  li!89-n-U5t 
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the  north  Jetty  was  l3eing  extended  in  1879,  a  shoal,  known  as  Drunken 
Dick  Shoal,  was  found  having  on  it  too  little  water  to  float  the 
mattresses.  A  gap  was  left,  and  the  jetty  started  beyond  the  shoal.  The 
shoal  up  to  that  time  had  varied  but  little  in  position.  It  was 
thought  that,  should  it  remain  permanent,  it  would  act  as  part  of  the- 
jetty.  If  not,  the  gap  could  be  filled.  By  1881  the  shoal  had  scoured 
in  places  to  a  depth  of  11  ft.,  and  the  jetty  was  extended  across  its 
site.  This  illustrates  a  fact  not  always  appreciated  by  engineers  not 
familiar  with  work  in  such  localities — that  shoals  of  any  erodible 
material  are  permanent  only  so  long  as  the  surrounding  conditions 
remain  unchanged.  It  is  not  safe  to  depend  on  them  for  a  part  of  a 
system  in  connection  with  new  constructions.  No  matter  how 
permanent  in  position  and  extent  they  may  have  seemed,  the  sand  bars 
along  our  southern  coast  are  really  in  a  state  of  unstable  equilibrium, 
and  are  subject  to  radical  change  mth  a  change  of  conditions. 

The  Charleston  jettywork  was  started  under  General  Gillmore,  and 
he  remained  in  charge  until  his  death  in  1888.  Since  that  date 
Captain  F.  V.  Abbot  has  been  in  charge.  The  assistant  engineers 
have  been  Captain  J.  C.  Post,  Cajitain  B.  D.  Greene,  Lieutenant  T.  N. 
Bailey  and  Lieutenant  F.  V.  Abbot,  of  the  Corps  of  Engineers,  and. 
under  Captain  Abbot,  Mr.  James  P.  Allen,  C.  E. 

Savannah  Hakboe. 
The  harbor  of  Savannah  is  formed  by  the  lower  Savannah  Eiver, 
an  estuary  opening  into  the  sea  at  Tybee  Roads,  which  above  Savannah 
receives  the  discharge  from  the  upper  river.  The  distances  of  points 
on  the  estuary  from  the  Whistling  Buoy  oflf  the  entrance,  together 
with  the  tidal  regimen  of  the  estuary,  are  given  in  the  following  table: 
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Thirteen  miles  above  Savannali  the  estuary  is  divided  into  three 
channels,  which  at  Cross  Tides,  4  miles  above  Savannah,  unite  into 
two,  known  as  "Front  "  and  "  Back  "'  Rivers.  Front  Eiver  skirts  the 
city  and  then  unites  again  with  Back  Eiver.  From  this  jjoint  to  the 
sea  the  banks  are  low  and  marshy,  and  low  marsh  islands  divide  the 
tlow  into  different  channels.  The  bottom  is  of  soft  mud,  or  of  mud 
and  sand.  Seven  miles  above  Foi't  Pulaski,  St.  Augustine  Creek 
opens  a  side  communication  with  the  sea  from  the  south  channel, 
through  Tybee  and  Wilmington  Eivers,  as  does  also  Lazaretto  Creek, 
west  of  Tybee  Island,  near  the  mouth. 

The  portion  of  the  estuary  to  be  considered  in  the  problem  of  the 
imijrovement  of  Savannah  Harbor  lies  between  Cross  Tides  and  the  sea. 
The  problem  is  complicated  by  the  discharge  of  the  upper  river,  which 
may  vary  from  4  500  cu.  ft.  per  second  at  low  water  to  400  000  cu.  ft.  per 
second  during  extreme  floods,  and  which  in  floods  carries  large 
quantities  of  sediment;  by  the  division  of  the  thalweg  into  several 
channels,  having  varying  velocities  of  tidal  projoagation  and  current;, 
by  the  flow  to  and  from  St.  Augustine  and  Lazaretto  Creeks;  and, 
finally,  at  the  mouth,  by  the  currents  to  and  from  the  small  estuaries 
opening  to  the  sea  close  to  the  Savannah  Eiver,  between  Tybee  Island 
on  the  south  and  Hilton  Head  Island  on  the  north. 

Prior  to  1763,  the  depth  on  Tybee  Knoll  was  15  ft.,  and  a  good,  clear 
channel  was  reported  as  far  as  Savannah.  Between  1760  and  1822  much 
complaint  was  made  of  the  shoaling  of  the  river,  caused  by  deposits 
of  ballast  and  by  drift  and  sediment  from  the  upper  river.  As  much 
as  8100  000  was  collected  by  a  tax  on  shipjiing,  which,  under  the  State 
authority,  was  to  be  applied  to  clearing  away  wrecks,  etc.  In  1826 
the  United  States  made  the  first  appropriation  of  850  000  for  the  im- 
l^rovement  of  the  harbor,  to  be  expended  by  the  Treasury  Depart- 
ment. In  1830  vessels  drawing  13  to  14  ft.  of  water  were  able  to  go  to 
sea  with  favorable  winds  and  tides,  the  depth  just  below  Savannah 
having  been  6J  ft.  in  1816,  and  7  to  7  J  ft.  in  1830.  Other  work  was  done 
by  the  United  States  imder  the  direction  of  officers  of  the  Corjjs  of 
Topographical  Engineers,  and,  at  the  outbreak  of  the  Civil  War,  vessels 
drawing  17 i  ft.  were  able  to  come  to  the  city  wharves  by  taking  advan- 
tage of  the  tide.  The  channel  was  obstructed  again  during  the  Civil 
War  by  wrecks,  cribs  and  torjiedoes.  These  caused  the  formation  of 
shoals,  which  decreased  the  high-water  channel  depth  from  17J  ft.  to 
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13^  ft.  After  tlie  close  of  the  war  some  of  the  -wrecks  were  removed  by 
the  United  States,  and  other  work  was  done  by  the  city  authorities. 
In  1872  the  United  States  Engineer  Department  resumed  charge  of  the 
w^ork. 

The  earlier  works  had  included  dredging,  the  removal  of  wrecks  and 
the  deepening  of  the  channel  by  dikes  and  deflecting  works.  Several 
unsuccessful  attemjDts  were  made  to  close  the  opening  into  BackBiver 
at  Cross  Tides,  and  the  channel  north  of  Fig  Island.  Finally,  in  1857, 
the  Fig  Island  dam  was  successfully  built,  and  also  a  deflecting  dike  at 
King  Island,  above  the  city.  None  of  this  work  gave  permanent 
relief. 

In  1873  General  Gillmore  submitted  a  project  for  the  formation  of 
a  channel,  23  ft.  deep  at  high  water,  from  Savannah  to  the  sea.  This 
was  to  be  accomplished  by  building  a  dam  at  Cross  Tides,  by  widening 
the  water-way  opposite  the  city  to  575  ft.,  and  by  dredging  in  the 
lower  reaches,  aided  by  such  deflecting  works  as  might  prove  needful. 
Work  was  carried  on  under  this  project  as  money  became  available. 
In  1881  the  Cross  Tides  dam  was  completed,  with  very  marked  beneficial 
effects  on  Front  Kiver  Channel.  The  project  was  successively  modified 
and  enlarged  in  1879  and  1882,  and  work  under  it  continued  until  1890, 
when  a  revised  and  enlarged  project  was  submitted  by  Captain  Carter, 
based  on  a  careful  survey  of  the  lower  river. 

This  survey  showed  the  general  condition  of  flow  to  be  about  as 
follows  (see  Plate  "Vl)-  Savannah  Kiver  proper  is  entered  by  a  flood 
volume  of  about  1  850  000  000  cu.  ft.,  of  which  one-fourth  enters  the 
south  channel.  Below  the  mouth  of  the  north  channel  the  total  flow 
on  the  north  and  south,  jDast  Oyster  Bed,  is  2  100  000  000  cu.  ft.,  of 
which  300  000  000  cu.  ft.  enter  Wrights  River,  and  1  390  000  000  cu.  ft. 
the  north  channel. 

Above  St.  Augustine  Creek,  the  south  channel  flow,  which  had 
diminished  to  about  0.4  of  its  original  volume,  is  increased  by  the  flood 
inflow  from  the  creek  to  414  000  000  cu.  ft.  Above  Elba  Island  the  two 
streams  from  the  north  and  south  channels  join  and  have  a  united 
volume  of  1 100  000  000  cu.  ft.  After  filling  the  tidal  basin  below 
Hutchinson  Island,  about  .78  of  the  remainder  passes  up  Back  River 
and  .22  up  Front  River.  At  Cross  Tides  the  flow  up  Front  River  is 
increased  from  114  000  000  to  140  000  000  cu.  ft.  by  overflow  from  Back 
River. 
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Ou  the  ebb  the  flow  through  Front  River  above  Cross  Titles  is 
856  000  000  eu.  ft.  ;  300  000  000  cu.  ft.  of  this  passes  the  dam  into 
Back  River,  which  just  above  Cross  Titles  has  a  flood  volunae  of 
1G5  000  000  cu.  ft.  Ai-rivcd  at  the  head  of  Elba  Island,  the  flow  is 
divided  nearly  equally  between  the  north  and  south  channels.  From 
the  south  channel  about  350  000  000  cu.  ft.  passes  out  through  St. 
Augustine  Creek,  and  a  smaller  portion  through  Lazaretto  Creek  ;  so 
that,  where  the  channels  join,  the  ebb  flow  from  the  south  channel  is 
about  one-half  that  from  the  north.  The  total  ebb  flow  from  the  river 
is  2  570  000  000  cu.  ft.  Near  the  end  of  the  north  channel  the  flow 
from  the  river  to  the  south  of  Oyster  Bed  is  1  450  000  000  cu.  ft.,  about 
double  that  to  the  north,  which  has  been  augmented  also  by  the  ebb 
from  Wrights  River. 

Captain  Carter  concludes  that  a  mean  ebb  velocity  of  about  2  ft.  x^er 
second  is  required,  to  secure  permanence  to  the  channel.  He  proijoses 
so  to  adjust  the  cross-section  of  the  river  as  to  give  a  navigable  chan- 
nel through  North  Channel  and  Front  River  from  the  sea  to  Savannah, 
which  shall  have  a  depth  at  mean  high  water  of  26  ft.,  and  shall  per- 
mit a  free  access  to  floods  and,  as  far  as  practicable,  a  uniform  velocity 
of  2  ft.  per  second  for  ebbs.  In  Front  River  the  adopted  width  varies 
from  500  ft.  at  Cross  Tides  to  600  ft.  at  Kinsey  Point,  and  700  to  750 
ft.  at  mouth  of  Wrecks  Channel.  In  the  North  Channel  the  widths 
will  vary  from  1  200  ft.  at  the  head  of  Elba  Island  to  1  870  ft.  at  Long 
Island  crossing. 

The  princii^al  factors  of  the  proposed  improvement  are  : 

First. — The  enlargement  of  Drakie  Cut. 

Second. — The  entire  or  partial  removal  of  King  Island. 

Third. — The  construction  of  a  deflecting  jetty  from  Argyle  Island. 

Fourth. — The  partial  removal  of  Marsh  Island  and  the  closing  of 
the  channel  north  of  it. 

Fifth. — The  construction  of  a  training  wall  from  Marsh  Island  to 
Kinsey  Point  and  the  enlargement  of  the  river  near  there. 

Sixth. — The  construction  of  a  training  wall  at  Garden  Bank. 

Seventh. — Spur  jetties  or  bank  protection  in  the  Wrecks  Channel, 
and  a  deflecting  jetty  at  Mackay  Point. 

Eighth. — The  removal  of  a  j^ortion  of  Dam  No.  15. 

Ninth. — The  closing  of  Duck  Puddle. 

Tenth. — The  construction  of  shore  protection  and  of  training  wails 
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between  the  wing  dams  in  North  Channel,  from  the  upper  flats  to  the 
Oyster  Bed. 

Eleventh. — The  constmction  of  training  walls  extending  eastward 
from  Cockspur  Island  and  the  Oyster  Bed. 

Tirelfth. — Dredging  is  j^rovided  for  between  the  Cross  Tides  and 
Tybee  Roads. 

The  estimated  cost  of  this  imjirovement  is  ^3  500  000,  providing 
funds  are  regularly  and  adequately  supplied. 

Up  to  1890,  when  the  present  26-ft.  project  was  adopted,  the  follow- 
ing sums  had  been  spent  pn  this  improvement : 

Prior  to  1826,  about  8100  000,  by  the  State; 

1826-60,  .S37-4  000,  by  the  United  States; 

1867-71,  8157  000,  by  the  City  of  Savannah; 

1874,  8193  000  (removal  of  war  obstructions); 

1872-90,  -SI  212  000. 

Under  the  existing  project  there  had  been  expended  to  June  30th, 
1892,  8346  000.  The  work  since  1872  has  increased  the  available  high- 
water  depth  from  14.5  ft.  to  from  21  to  22  ft.,  and  " the  increase  on 
the  value  of  exports  since  the  year  1873,  when  the  work  was  begun,  is 
proportional  to  the  cube  of  the  increase  in  the  dej^th  of  the  water 
during  the  same  period."*  The  positions  and  lengths  of  the  various 
works  are  shown  on  Plate  VI. 

'  Methods;  Fig  Island  and  Cross  Tides  Dam. — The  necessity  for 
increasing  the  depth  of  water  in  Front  Eiver  by  concentrating  into 
one  channel  all  or  a  portion  of  the  water  escaping  from  it  at  Cross 
Tides,  and  between  Fig  and  Hutchinson  Islands,  was  recognized  as 
early  as  the  close  of  the  last  century.  Accordingly,  efforts  were  made 
from  time  to  time  to  close  these  channels  by  sinking  wrecks  in  the  water- 
way, and  by  building  dams  of  crib-work,  piling  and  of  ballast  stone, 
tightened  with  oyster  shells,  gravel  and  clay.  The  soft  mud  bottom, 
the  erodible  material  of  the  shores  at  the  abutments  and  the  alternating 
flow  in  the  two  directions  made  these  works  particularly  difficult  to 
construct  and  maintain,  and  they  were  undermined  and  wrecked  either 
during  construction  or  soon  after  completion.  It  was  not  until  the 
third  or  fourth  attempt  that  the  Fig  Island  Channel  was  finally 
closed,  in  1853-54. 

The  Cross  Tides  Dike  proved  even  more  unmanageable.     In  1876  it 
gave  rise  to  an  important  decision  by  the  United  States  Sui^reme  Court 
*  Report  of  Captain  Carter. 
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on  the  aiitliority  of  the  Uuiteil  States  over  her  inland  water-waTs. 
Coustruction  of  the  closing  dam,  which  was  started  in  1876,  was  sus- 
pended by  a  temporary  injunction,  gi-anted  by  the  Supreme  Court  on 
the  petition  of  the  State  of  Soiath  Carolina,  which  objected  to  the 
interference  that  the  dam  would  cause  with  the  navigation  of  Back 
Kiver,  which  formed  the  boundary  between  the  States.  The  injunc- 
tion was  removed  after  the  case  had  been  heard,  the  Court  deciding 
that  the  authority  of  the  United  States  in  the  matter  was  absolute. 
The  dam  was  to  consist  of  two  rows  of  piling  braced  together,  the 
flow  to  be  regulated  by  shutters  in  the  openings  in  the  upper  row. 
Soon  after  the  work  was  renewed  in  1877,  the  partly  finished  struct- 
ure was  injured  by  a  freshet,  and  abandoned. 

In  1879  a  new  dam  was  started  near  the  site.  This  was  finished  in 
1881.  Its  foundation  consisted  of  a  mattress  of  brush  and  cane,  bal- 
lasted with  stone.  It  was  brought  to  about  the  level  of  mean  low 
"water  -^-ith  rip-rap  stone,  except  near  the  Argyle  Island  end,  where, 
for  100  ft.,  there  was  a  low-water  depth  over  it  of  6  to  8  ft.  In  1882 
the  crest  was  raised  to  3  feet  above  low  water  with  brush  mattresses 
and  rip-rap.  The  increased  pressure  on  the  dam  induced  undermining 
and  settlement,  and  in  1885  it  was  raised  to  mean  high-water  level 
again,  with  brush  fascines  and  stone,  and,  the  stability  of  the  work 
having  been  threatened  by  the  scouring  of  a  hole  40  ft.  deep  by  the 
overflow  at  the  east  end  of  the  dam,  an  apron  of  log  mattresses,  40  to 
70  ft.  wide,  was  jalaced  along  the  base.  As  the  log  mattresses  settled, 
the  gaps  made  were  filled  with  brush  fascines  and  stone.  Repairs 
"were  continued  as  needed  until  1888,  when  the  dam  attained  a  stable 
condition,  with  a  crest  about  1.5  ft.  above  low  water.  The  contract 
jDrice  of  the  dam,  as  constructed  in  1879-80,  Avas  89.47  j^er  linear  foot 
of  apron,  of  an  average  width  of  25^  ft.,  and  82.41  per  cubic  yard  of 
rip-rap  superstructure. 

The  effect  of  the  dam  on  Front  River  was  immediate.  The  average 
mean  bottom  velocity  was  raised  from  1.75  to  2.37  ft.  i^er  second,  and 
between  1879  and  1889  the  cross-sectional  areas  and  the  mean  dejith 
increased  20  jjer  cent.  The  diff'erence  of  level  on  the  two  sides  of  the 
dam  amounted  to  about  3  ft.  This  heightening  of  the  low- water  plane 
has  caused  a  reduction  (estimated  to  amount  to  75  000  000  cu.  ft.)  in  the 
tidal  prism  of  Front  River.  In  the  new  project  this  is  to  be  made 
Tip  by  the  enlargement  of  other  portions  of  Front  River. 


260  BLACK   ON   IMPROVEilENT   OF   HARBORS. 

The  other  dikes  and  jetties  are  shown  on  the  map  (see  Plate  VI). 
Almost  all  "are  built  of  log  mattresses  of  an  average  thickness  of  15 
ins.  The  mats  are  covered  \ri.th  from  4  to  9  ins.  of  brush  and  loaded 
with  from  5  to  9  ins.  of  stone,  the  top  course  receiving  about  13  ins. 
In  profile  the  shore  ends  of  the  dams  are  at  high  water-line,  or  at  the 
height  of  the  adjacent  shores.  The  crest  then  slopes  down  to  about 
5  ft.  above  mean  low  water,  which  height  is  maintained  to  within  about 
200  ft.  of  the  outer  end  of  the  dam;  the  crest  then  falls  gradually  to 
the  outer  end,  where  a  tow,  or  wider  lower  mat,  is  placed.  Repairs, 
when  needed,  have  in  general  been  made  by  filling  the  holes  with 
brush  fascines  loaded  with  rip-rap  stone.  "* 

The  sjjur  dikes  for  bank  protection  at  Elba  and  Jones  Islands  are 
built  of  piles  and  brush  as  described  below.  The  Oyster  Bed  training 
wall  consists  of  a  mattress  foundation  and  a  superstructure  of  rip-rap, 
having  its  crest  at  mean  low-water  level. 

The  latest  specifications  for  the  Savannah  Harbor  work  describe 
three  varieties  of  mattresses,  either  one  of  which  may  be  used.  The 
first  is  similar  to  that  used  in  Charleston  Harbor.  The  second  is  a 
brush  fascine  mattress,  similar  to  those  of  the  St.  Johns  jetties. 
The  third  is  like  the  second,  excepting  that  the  top  layer  of  fascines 
is  omitted. 

The  training  walls  and  spur  dikes  are  to  be  built  as  follows  :  Two 
rows  of  piles,  6  to  8  ft.  apart,  wUl  be  driven,  the  piles  of  each  row 
being  8  ft.  apart  between  centers.  They  will  be  driven  on  straight 
lines,  vertically,  16  ft.  into  the  bed  of  the  river  and  will  be  cut  off 
10  ft.  above  mean  low-water  level.  Waling  strips  of  6  x  10-in,  timber 
will  be  bolted  to  each  pile,  on  the  outer  side  of  each  row,  1  ft.  above 
mean  low  water.  At  each  second  bent  the  rows  will  be  tied  together 
and  braced  with  6  x  10-in.  timbers,  drift-bolted  to  the  piles  and  to  the 
waling  strips.  The  space  between  the  j)iles  will  be  filled  up  to  half- 
tide  level  with  brush  fascines,  weighted  with  250  to  500  lbs.  of  stone  to 
the  running  foot.  At  the  ends  of  the  spur  dikes  the  banks,  where 
necessary,  will  be  sloped  back  to  an  easy  grade  and  protected  with 
brush  fascines,  ballasted  with  stone,  or  staked  to  the  bank.  On  the 
channel  side  of  training  walls,  close  to  the  piling,  will  be  i^laced  mat- 
tresses, 15  to  20  ft.  wide.  The  ends  of  the  sjiurs  and  such  other  points 
as  may  require  it  will  be  protected  by  clusters  of  piles.  The  spurs 
and  training  walls  will  be  braced  at  intervals  by  a  6  x  10-in.  timber, 
abutting  against  a  cluster  of  two  piles  12  ft.  in  rear. 

♦Captain  Carter,  Rep.  Chf.  of  Engrs.,  1888-11-1021. 
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Since  the  work  began,  the  prices  for  materials  in  jjlace  have  been 
•as  follows  :  Log  and  brush  mattresses,  43  to  85  cents  per  square 
yard  ;  brush  fascines,  $1.40  per  cubic  yard ;  stone,  $2.90  to  $3.19  per 
cubic  yard  ;  pile-work,  $1.50  per  cubic  foot ;  oyster  shells,  $1.29  per 
cubic  yard. 

Between  1872  and  June  30th,  1892,  2  675  671  cu.  yds.  of  material 
liave  been  removed  from  the  channel  by  dredging,  at  a  cost  varying  from 
15  to  19  cents  per  cubic  yard.  This,  as  well  as  almost  all  of  the  dike 
and  jetty  work,  was  done  by  contract. 

Remarks. — The  greater  jjart  of  the  increase  of  channel  depth  has 
been  due  to  a  judicious  use  of  wing  dams  and  training  walls.  The  in- 
stability of  the  river-bed,  and  the  acctiracy  with  which  the  cross-sec- 
tions must  be  regulated,  is  shown  by  the  following  incident,  related  by 
Captain  Carter.  In  1885  two  spurs  were  built  from  oj^posite  banks 
of  the  river  at  a  shoal  on  which  the  original  depth  was  12  ft.  Within 
three  months  after  completion,  a  15-ft.  channel,  300  ft.  -wide,  had  been 
formed  between  them.  Shortly  after,  the  crests  of  the  spurs  were 
lowered  to  mean  low-water  level  by  a  cyclone.  Shoaling  immedi- 
ately began,  and  in  a  short  time  the  original  dej^th  of  12  ft.  was  re- 
stored. In  1886  the  dams  were  repaired.  The  additional  dej^th  was 
again  scoured  out  and  has  been  maintained  since. 

The  cost  of  this  improvement  has  been  increased  by  the  late  change 
of  joroject,  which  will  necessitate  the  removal  of  some  portions  of 
works  now  in  place.  As  this  change  has  been  necessitated  by  the  de- 
mands of  a  commerce  which  has  grown  to  its  present  proportions  as  a 
result  of  the  improvement  effected  by  the  works,  it  may  be  granted 
that  they  have  paid  for  themselves  in  full  measure. 

A  history  of  this  improvement  woidd  be  incomplete  without  a  notice 
of  the  careful  survey  of  the  river  made  in  1889-1890  by  Mr.  E.  A.  Giese- 
ler.  Assistant  Engineer,  under  the  direction  of  Cajitain  Carter.  In  the 
report  of  this  survey*  the  involved  problem  ijresented  by  the  gauging 
of  a  tidal  stream,  flowing  through  several  channels  and  receiving  a 
varying  fresh-water  discharge,  has  been  carefully  and  elaborately 
worked  out.  The  methods  followed  are  described  in  detail,  and  may 
well  serve  as  a  model  for  futiire  work  of  that  character. 

From  1872-78  the  work  was  under  the  charge  of  General  Gillmore, 
with  the  following  assistants  in  local  charge  at  the  work  :  Captain 
*  Rep.  Chf.  of  Engrs.,  1890-11-1265,  and  1891-III-1507. 
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William  Ludlow,  Captain  D.  P.  Heap,  E.  Sherman  Gould,  C.  E. ;  Cap- 
tain J.  C.  Post,  S.  L.  Fremont,  C.  E. ;  Captain  B.  D.  Greene,  Lieuten- 
ant T.  N.  Bailey,  and  Lieutenant  O.  M.  Carter.  Since  1888  Captain 
O.  M.  Carter  lias  been  in  charge,  with  Mr.  A.  S.  Cooper  as  assistant. 

St.  Johns  Biver  Jetties. 

The  St.  Johns  Biver  has  the  peculiarity  of  being  the  only  large 
river  on  the  Atlantic  seaboard  of  the  United  States  which  runs  from 
south  to  north  through  the  greater  ijortion  of  its  course.  Its  total 
length  is  over  400  miles.  In  a  portion  of  its  course  it  is  subject  to 
marked  changes  of  level  due  to  excessive  rainfall.  These  changes  in- 
duce cutting  of  the  banks  and  other  characteristics  of  sediment-bear- 
ing streams.  For  its  entire  length  it  is,  however,  jDractically  a  chain 
of  lakes  joined  by  narrow  reaches,  as  signified  by  its  Indian  name 
"Welaka. "  These  lakes  act  as  settling  basins  for  the  sand  and  silt 
brought  from  the  narrow  reaches  above  them,  so  that  even  above 
the  influence  of  the  tide,  the  St.  Johns  ceases  to  be  a  sediment- 
bearing  stream. 

'■')  The  tide  is  felt  as  far  as  Little  Lake  George,  100  miles  from  the 
mouth.  At  Jacksonville,  23  miles  from  the  mouth,  the  mean  range  of 
tide  is  1.02  ft. ;  at  Mayport,  1.7  miles  from  the  mouth,  4.34  ft. ;  and  at 
the  mouth,  5.2  ft.  At  the  mouth,  between  the  jetties,  the  ebb  currents 
begin  from  1^  to  2  hours  after  high  water,  and  the  floods  about  2j 
hours  after  low  water.  The  duration  of  the  ebbs  may  be  taken  as  6 
hours  and  52  minutes,  and  of  the  floods,  5  hours  and  33  minutes. 

Though  the  channel  depths  of  the  river  vary  greatly,  between  Jack- 
sonville and  the  mouth  a  least  channel  depth  of  20  ft.  is  found,  ex- 
cepting through  two  reaches,  aggregating  in  length  8.5  miles.  The 
minimum  depth  is  12^  ft.  At  the  mouth,  the  flood  and  ebb  volumes  of 
flow  have  been  estimated  to  be  about  1  200  000  000  and  1  700  000  000 
cu.  ft.,  respectively. 

The  entrance  to  the  river  is  obstructed  by  a  fan-shaped  bar  similar 
to  that  described  at  Charleston.  In  1878  its  length  from  shore  to 
shore,  measured  along  its  crest,  was  3^  miles,  the  most  salient  portion 
being  about  f  mile  to  the  seaward  of  the  straight  chord  joining  its 
shore  ends.  The  mouth  of  the  river  was  about  opposite  the  middle 
of  the  bar.  The  river  channel,  with  mid-depths  of  over  25  ft.,  passed 
from  the  entrance  close  along  shore  to  the  south  for  about  1  mile. 
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From  this  permanent,  deep  channel,  one  or  more  channels  radiated 
across  the  bar  to  the  sea,  on  lines  between  the  axis  of  the  river  mouth 
prolonged  and  the  south  shore,  shifting  under  storm  action  with  great 
rapidity,  to  the  bewilderment  of  the  local  jjilots.  It  is  related  that  on 
one  Christmas  Eve  a  small  fleet  of  vessels,  including  one  steamer,  was 
lying  inside  the  mouth,  blocked  on  their  jjassage  out  by  the  shoaling 
of  the  channel.  All  hands  went  on  shore  to  celebrate,  leaving  the 
cook  alone  on  the  steamer.  During  the  night  a  west  wind  with  a 
strong  ebb  broke  the  steamer  from  its  moorings  and  the  terrified  cook 
found  himself  drifting  helplessly  seaward  to  what  seemed  a  certain 
death  on  the  bar.  His  satisfaction  may  be  imagined  when  he  discovered 
that  the  breakers  were  passed  safely,  the  vessel  having  followed  a  new 
channel,  cut  by  the  storm  which  had  filled  the  old.  This  was  promptly 
buoyed  and  became  for  the  time  being  the  ship  channel.  The  low- 
water  depth  in  the  channel  across  the  bar  varied  from  6  to  8  ft. 

The  bar  is  of  sand,  and  is  of  drift  and  wave  formation.  The  coast 
drift  is  in  both  directions,  with  a  decided  resultant  movement  to  the 
south.  The  extent  of  the  shoal  to  the  north  of  the  entrance  is  due 
largely  to  Fort  George  Inlet,  J  mile  to  the  north.  The  widest  portion 
of  the  bar  is  to  the  south  of  the  river  mouth. 

The  first  appropriation  for  the  improvement  of  the  channel  over  the 
bar  at  the  mouth  was  made  in  1852.  Ten  thousand  dollars  were  ex- 
pended in  dredging  in  1853-55,  but  the  improvement  was  not  isermanent. 
In  1853  Lieutenant  H.  G.  Wright  (later  Brigadier-General  and  Chief  of 
Engineers,  now  retired)  submitted  a  report,  based  on  a  survey  made 
by  the  United  States  Coast  Survey.  The  report  describes  the  bar  as  a 
drift  and  wave  bar,  and  recommends  the  deepening  of  the  channel 
across  it  by  confining  the  currents  by  two  jetties,  built  on  the  shoals 
to  the  north  and  south,  substantially  in  the  manner  adopted  25  years 
later.  No  action  seems  to  have  been  taken  on  this  report.  The  report 
is  interesting,  particularly  in  view  of  the  early  date  at  which  it  was 
submitted. 

Between  1870  and  1873  §50  000  were  expended  in  dredging  opera- 
tions. As  reported  from  the  first,  these  operations  were  not  intended 
to  afford  more  than  temporary  relief.  Each  long  storm  obliterated  all 
traces  of  previous  work.  In  1872  General  Gillmore  reported  that  per- 
manent improvement  could  be  hoped  for  only  by  the  application  of 
the  jetty  system.  He  hesitated  about  recommending  this  on  account 
of  its  great  cost. 
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In  1878,  after  consulting  -witli  Mr.  James  B.  Eads,  C.  E.,  the  citi- 
zens of  Jacksonville  presented  a  memorial  to  Congress,  requesting  that 
a  system  of  permanent  improvement  be  adopted  for  the  entrance  to 
St.  Johns  Eiver.  With  the  appropriation  of  SIO  000,  made  in  that 
year,  the  necessary  surveys  were  made.  A  project  was  submitted  by 
General  Gillmore  in  1879,  under  which  work  since  then  has  been  car- 
ried on.  Two  curved  jetties  are  being  constructed,  springing  from  the 
opposite  shores  near  the  entrance  and  converging  until  on  the  crest 
of  the  bar  they  are  1  600  ft.  apart.  From  that  point  they  are  to  be 
parallel  through  the  length  to  which  it  may  be  necessary  to  prolong 
them.  The  jetty  channel  is  located  on  the  line  occupied  by  the  best 
of  the  temporary  northern  channels.  The  depth  to  be  attained  is  15 
ft.  at  mean  low  water.  It  is  expected  that  the  jetties  will  maintain 
generally  a  depth  sufficiently  greater  to  allow  a  temporary  shoaling 
from  storm  action.  The  jetties  were  to  consist  of  a  foundation  mat- 
tress of  logs  and  brush,  with  a  superstructure  of  rip-raj).  According  to 
the  original  project  the  jetties  were  to  be  submerged.  The  present 
plans  permit  them  to  be  raised  to  any  necessary  height. 

On  June  30th,  1892,  the  north  jetty  was  10  991  ft.  long.  All  of  the 
jetty  except  a  shore  connection,  360  ft.  long,  and  a  length  of  225  ft. 
where  there  are  two  courses  of  mattresses,  consists  of  a  foundation  of 
mattresses  varying  in  width  from  40  to  120  ft.,  with  a  superstructure 
of  rip-rap.  The  shore  connection  is  a  pile,  brush,  and  rip-rap  dike. 
The  level  of  the  crest  can  be  seen  on  the  profile  (Plate  YII).  Up  to 
June  30th,  1892,  123  137  sq.  yds.  of  mattress,  90  594  cu.  yds.  of  stone, 
5  819  cu.  yds.  of  oyster  shells  and  565  cu.  yds.  of  concrete  had  been 
used  in  the  construction  of  the  jetty. 

The  south  jetty  at  the  same  date  was  8  293  ft.  long.  The  width  of 
the  foundation  mattress  varies  from  20  to  120  ft.  A  second  course  of 
mattresses  is  laid  for  3  209  ft. ,  and  other  courses  of  varying  length  to 
a  ninth,  which  is  40  ft.  long.  Since  1888  mattresses  have  been  used 
only  in  the  foundation  course,  the  remainder  of  the  jetty  being  built 
of  rip-rap.  Four  sets  of  spurs  were  built  at  a  narrow  portion  of  the 
jetty.  The  crest  heights  can  be  seen  on  the  profile  (Plate  YH).  Up 
to  that  date  217  650  sq.  yds.  of  mattresses,  94  925  cu.  yds.  of  stone, 
3  730  cu.  yds.  of  shell  and  218  cu.  yds.  of  concrete  were  used  in  the 
construction  of  the  jetty.  The  total  cost  of  the  work,  including  a  sur- 
vey of  the  upper  river  and  a  month's  dredging  by  the  steamer  Wood- 
bury, has  been  ^1  003  000. 
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The  jetties  have  deepened  the  channel  over  the  bar  to  11^  ft.  in  the 
south  channel  and  10^  ft.  in  the  north  channel.  Work  for  deepening 
the  shoalest  portion  of  the  reach  between  Jacksonville  and  the  bar  by- 
dredging  and  the  construction  of  dikes,  under  a  project  approved  by 
the  Chief  of  Engineers,  is  being  carried  on  by  the  County  of  Duval 
under  the  charge  of  Mr.  J.  H.  Bacon,  formerly  U.  S.  Assistant  Engi- 
neer. 

Materials  and  Methods ;  J/a/fresses.— The  mattresses  used  until  1888 
were  of  logs  and  brush,  similar  to  those  used  in  the  Charleston  jetties. 
In  the  St.  Johns  work  they  proved  very  unsatisfactory.  Where  the 
bottom  was  irregular,  the  mattresses  broke,  and  many  logs  were  loosed 
from  the  binders  and  lost.  The  mattresses  were  not  strong  enough  to 
be  handled  in  a  seaway  and  strong  currents,  and  some  were  broken  and 
lost  before  being  placed.  When  in  jjlace  they  were  frequently  under- 
scoured  in  positions  where  there  was  a  strong  current,  or  where  a  dif- 
ference of  head  was  developed,  causing  a  settlement  which  amounted 
to  20  ft.  at  one  point.  They  were  not  easily  covered  by  sand,  and  so 
were  long  subjected  to  the  ravages  of  the  teredo.  In  shoal  water  the 
brush  disappeared  completely  in  less  than  two  years,  through  wave 
action  and  the  teredo.  For  these  reasons  they  were  discarded,  and  a 
brush  fascine  mattress  was  used,  which,  as  finally  adopted,  is  described 
in  the  specifications  as  follows  : 

"The  mattresses  will  consist  of  a  layer  of  closely  compacted  fascines 
of  live  brush  *  *  *  *  crossed  at  right  angles  by  a  second  layer 
of  like  fascines,  placed  at  intervals  of  6  ft.  The  brush  must  be  care- 
fully laid  so  as  to  break  joints  and  make  a  continuous  fascine  extend- 
ing completely  across  the  mattress.  The  fascines  must  contain  as 
much  brush  as  may  be  required,  and  must  be  compressed  tightly  by  an 
approved  form  of  choker  to  a  diameter  of  9  ins.,  at  intervals  of  2  ft., 
where  they  must  be  bound  firmly  with  iron  wire  of  approved  strength. 
The  fascines  must  be  firmly  held  between  binding  poles  made  of  live 
saplings  of  yellow  pine,  or  other  timber  of  a  kind  approved  by  the  en- 
gineer in  charge.  These  must  be  straight  and  of  slight  taper  and  must 
be  not  more  than  5  ins.  in  diameter  at  the  butt,  nor  less  than  2  ins.  in 
diameter  at  the  tip.  They  must  be  spliced  together  with  long  scarf 
joints  in  a  manner  satisfactory  to  the  engineer  in  charge,  so  as  to  ex- 
tend completely  across  the  mattress.  Either  one  or  two  lavers  of 
these  poles  will  be  used  at  the  top  and  at  the  bottom  of  the  mattress, 
as  may  prove  necessary  for  holding  the  fascines  until  in  place  in  the 
jetty  and  ballasted.  The  binders  in  each  layer  must  be  placed  parallel 
to  each  other  at  intervals  of  6   ft.      *      *     *     *    The   fascines   and 
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binders  must  be  firmly  compressed  and  lashed  together  at  inter^'als  of 
6  ft.  in  a  manner  satisfactory  to  the  engineer  in  charge.  To'W'iug 
beckets,  buoys  and  lines,  and  range  masts  must  be  placed  as  di- 
rected." 

The  mattresses  are  built  on  shore  on  ways  consisting  of  parallel 
timbers  about  6  ft.  apart,  supported  on  piles,  with  a  slope  toward  the 
water  of  about  1  on  12,  and  with  their  lower  ends  at  the  level  of  high 
water.     The  tops  of  the  ways  are  arranged  for  launching  the  mattress 
with  as  little  friction  as  possible.     One  method  is  to  have  a  longitudi- 
nal groove  in  the  top  1  in.  deep.     The  bottom  and  sides  of  this  groove 
are  smooth  and  coated  with  gi-aphite,  taDow  or  some  other  lubricant.         %, 
In  the  grooves  are  laid  strips  of  2-in.  lumber,  with  the  bases  and  sides         ^1 
smooth  and  lubricated.     These  are  fastened  in  place  temporarily  and        v • 
have  light  lines  attached,  for  drawing  them  ashore  after  the  mattress 
has  been  launched.     On  the  ways,  at  right  angles  to  the  timbers,  is 
placed  the  first  layer  of  binders,  and  on  these,  a  second  layer,  forming 
a  grillage  with  6-ft.   spaces.     The  binders  are  spiked  together  at  each 

intersection.     On  the  grillage,  parallel  to  the  top  layer  of  poles  (to 

I. 
reduce  the  distance  from  the  sand  when  in  place),  is  placed  the  lower         S 

layer  of  brush  fascines.     These  must  be  of  small  brush,    choked  as  . 

tightly  as  possible  before  binding  with  a  heavy  rope  and  levers,  as  de- 
scribed for  military  fascines.  "When  finished,  they  should  be  abso- 
lutely compact  and  hard  where  bound  by  the  wire.  Between  the  wires 
they  should  bulge  out  so  as  to  extend  to  the  base  of  the  grillage.  The 
fascines  are  jammed  together  in  the  mattress  by  levers.  On  this  layer 
is  placed  the  second  layer  at  the  6-ft.  intervals.  On  these  comes  the 
top  grillage,  with  its  intersections  over  those  of  the  lower  grillage. 
At  each  intersection  of  the  lower  grillage  has  been  lashed  a  piece  of 
manilla  rope,  i  in.  in  diameter.  This  is  led  up  between  the  fascines 
as  they  are  placed.  After  the  top  grillage  has  been  j^laced,  the  two 
grillages  are  drawn  together  by  levers  to  the  full  strength  of  the  roj^e^ 
and  lashed. 

The  mattresses  are  placed  in  the  jetty  with  the  lower  layer  of  fas- 
cines at  right  angles  to  the  jetty  axis.  The  mattress  as  used  has  been 
120  X  75  ft.,  the  greater  length  (the  side)  being  across  the  jetty.  Tow- 
ing beckets  are  placed  at  intervals  across  the  ends.  At  the  sides,  at 
the  extremities  of  the  line  which  is  to  lie  in  the  axis  of  the  jetty,  are 
placed  range  masts,  long  enough  to  have  their  tops  6  ft.  above  high 
water  when  in  place,  and  also  wood  buoys,  anchored  to  the  mattress 
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•witli  ropes,  for  use  sliould  the  range  masts  be  accidentally  carried 
away.  The  mattress  being  finished,  at  the  next  convenient  high  water 
the  temjiorary  fastenings  are  removed  from  the  slide  strips,  and  a  tug 
draws  the  mattress  from  the  ways.  The  ends  are  immediately  made 
fast  to  flats  loaded  with  ballast  stone,  by  lines  running  through  the 
beckets  and  fastened  to  the  flats  in  such  a  manner  as  to  permit  a  grad- 
ual paying  out.  To  increase  the  buoyancy  of  the  mattress,  the  grill- 
age poles  are  frequently  barked  and  seasoned.  At  times,  also,  small 
flats  are  floated  over  the  mattress  and  fastened  to  it. 

Just  before  the  end  of  the  ebb,  the  tow,  consisting  of  one  tug,  the 
mattress  between  the  two  flats,  a  rowboat  for  the  inspector  and  a 
heavy  rowboat  vrith  crew,  for  setting  oiit  anchors,  starts.  The  start  is 
so  timed  that  the  mattress  will  be  in  position  at  low  water  slack.  Ar- 
rived nearly  at  the  site,  a  line  is  passed  from  a  mooring  attached  to  a 
heavy  anchor  already  in  place  inside  the  jetty,  the  tug  casts  off  its  line 
and  the  flats  and  the  mattress  are  swung  by  the  last  of  the  ebb  into 
position  across  the  end  of  the  jetty.  Other  anchors  are  run  out,  until 
the  tow  is  held  by  from  four  to  six  anchors,  placed  at  the  diagonals, 
and  one  shoreward  and  one  seaward.  The  lines  from  the  anchors  are 
passed  around  capstans  on  the  flats,  and  the  mattress  is  carefully  ael- 
justed  by  signals  from  the  inspector  in  his  boat,  so  that  the  inner  range 
mast  is  close  to  the  outer  range  mast  of  the  mattress  last  placed,  and  the 
two  range  masts  of  the  new  mattress  are  in  line  with  the  shore  range. 
Should  any  of  the  range  masts  be  carried  away,  the  correspond- 
ing buoys  are  used.  At  a  signal  from  the  inspector,  the  stone  is  thrown 
from  the  flats  on  to  the  mattress  as  rapidly  as  possible,  the  mooring 
lines  being  paid  out  as  the  mattress  sinks.  Just  before  the  mattress 
touches  the  bottom,  a  last  adjustment  is  made.  After  the  mattress  is 
once  in  place,  it  cannot  be  moved.  The  flats  are  then  drawn  together 
across  the  mattress,  and  the  remaining  stone  is  distributed  as  evenly 
as  possible  over  the  surface  of  the  mattress.  Soundings  are  taken  by 
the  inspector  just  before  and  just  after  the  mattress  is  placed.  After 
it  is  in  position  and  ballasted,  transit  observations  from  shore  on  the 
range  masts  give  the  necessary  data  for  Allotting  its  position  on  the 
progress  charts.  Five  feet  leeway  is  allowed  the  contractor  in  placing 
the  mattress  in  the  designated  position.  An  expert  foreman  will  place 
his  mattress  within  this  limit  with  ease. 

The  brush  mattresses  are  so  strong  and  flexible  that  they  can  be 


268  BLACK   ON   IMPEOYEilENT   OF   HARBORS. 

handled  in  a  seaway  -whicli  would  wreck  a  log  mattress.  The  passage 
of  a  wave  under  the  mattress  can  be  followed  easily  by  the  undulation. 
The  ujjper  layer  of  fascines  with  its  grillage  forms  a  series  of  shallow 
cribs  which  assist  in  holding  the  stone.  No  under-scour  has  been  ob- 
served with  the  long  brush  mattresses  of  the  St.  Johns  work.  The 
length  is  also  sufficient  to  make  an  efficient  apron  along  the  sides  of 
the  superstructure.  To  decrease  the  chance  of  scour  along  the  edge  of 
the  mattresses  and  to  increase  the  width  of  apron  along  the  inside  of 
the  jetty,  the  range  masts  are  placed  alternately  45  and  55  ft.  from  the 
outside  or  sea  ends  of  the  mattresses,  thus  bringing  the  inside  ends 
alternately  75  and  65  ft.  from  the  jetty  axis.  The  use  of  mattresses 
above  the  bottom  course  was  found  to  be  inadvisable,  the  loss  by  the 
teredo  was  too  great.  "Wood  cannot  be  used  in  the  jetties  excepting 
where  it  quickly  gains  protection  from  the  sand. 

Experience  at  St.  Augustine  and  St.  Johns  Biver  has  shown  the 
approximate  cost  of  a  120  x  75-ft.  mattress  to  be  as  follows : 

2  747  cu.  yds.  brush,  labor  at  15  cents  per  hour S57  96 

Hauling  to   fascine  rack  with  cart   and   driver,   at   25 

cents  per  hour 110  59 

Labor  of  making  and  handling  9  660  ft.  of  fascines  at 

15  cents  per  hour 96  60 

Cost  of  8  906  linear  feet  poles,  delivered  at  ways 60  00 

600  lbs.  60  D  nails  at  S2  60  per  100 15  60 

313  lbs.  2 -in-  Manilla  rope  at  13f  cents  per  pound 41  86 

426  lbs.  No.  14  iron  wire  at  14  cents  per  pound 19  17 

Labor  of  assembling  mattress  at  15  cents  per  hour 144  27 

"      launching            "            "                    "         21  50 

"       sinking                  "             "                     "         27  00 

Superintendence  at  §75  per  month 18  75 

Total $613  30 

or  61 J  cents  per  square  yard. 

The  contract  price  for  log  and  brush  mattresses  in  place  varied 
from  54  to  75  cents  per  square  yard,  and  of  brush  fascine  mattresses  in 
place  from  70  to  74  cents  per  square  yard. 

Sfone. — Where  the  cross-currents  were  not  too  strong  and  below  low 
water,  the  light  Florida  limestone  was  found  to  answer  for  the  super- 
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structure.  Where  exposed  to  wave  action  and  strong  currents,  a 
heavier  stone  from  the  North  had  to  be  used.  The  stone  was  all 
placed  by  hand.  It  is  bought  by  the  ton,  the  weight  being  determined 
by  the  displacement  of  scows  or  flats.  At  first  all  stone  was  bought 
by  the  cubic  yard,  but  the  imi^ossibility  of  accurate  measurement  of 
rip-rap,  and  the  frequent  disputes  as  to  volume  which  this  method  en- 
tailed, caused  it  to  be  discarded.  The  following  method  was  devised, 
to  prevent  errors  in  gauging  the  flats  arising  from  wave  action  and  the 
varying  density  of  the  water  at  the  mouth  of  the  river. 

A  small  well  is  built  through  each  end  of  each  flat,  close  to  the 
keel  and  just  inside  the  rake.  Immediately  before  a  loaded  flat  is 
taken  to  the  jetty,  a  tube,  4  ins.  in  diameter,  with  the  bottom  pierced 
with  a  small  hole,  is  lowered  into  each  well  in  succession.  The  top  of 
the  tube  is  flush  with  the  deck,  and  through  its  lid  a  rod  j^asses  freely, 
having  a  float  attached  to  its  lower  end.  Distances  from  the  water- 
line  on  the  float  are  marked  on  the  rod.  As  soon  as  the  water  in  the 
tube  ceases  to  rise,  which  will  be  when  the  mean  level  of  the  water 
outside  is  attained,  the  reading  is  taken;  at  the  same  time  the  density 
of  the  water  is  read  with  a  salinometer.  With  these  readings  the  dis- 
placement of  the  scow  is  obtained  from  a  table  previously  calculated 
for  that  scow.  As  soon  as  all  of  the  stone  which  has  been  accej^ted 
has  been  unloaded,  the  scow  displacement  and  density  of  water  are 
measured  again.  The  difference  gives  the  weight  of  stone.  The 
method  has  been  found  to  be  easily  applied  and  accurate.  Since  the 
flats  have  to  be  loaded  evenly  for  safety  in  the  seaway,  the  two  wells 
are  found  to  give  the  same  results  in  all  \  ractical  cases  as  would  be 
found  from  four  wells  at  the  corners. 

Shell. — Oyster  shells  were  used  for  a  time  as  hearting.  When  they 
can  be  deposited  quickly  and  protected  from  wave  action,  they  are 
found  to  make  a  cheai?  and  tight  hearting.  Loose  shell  dumped  near 
a  hole  under  the  jetty  quickly  stopped  the  flow  and  caused  the  sand  to 
collect. 

The  contract  price  for  stone  varied  from  S3. 10  to  Si  per  ciTbic  yard 
of  2  700  lbs. ;  and  from  S2.07  to  S2.57  per  ton  of  2  000  lbs.  Under  the 
specifications  for  purchase  by  the  short  ton  a  lighter  stone  was  al- 
lowed to  be  used,  and  the  stone  delivered  consisted  of  Florida  lime- 
stone, weighing  from  2  000  to  2  100  lbs.  per  cubic  yard,  and  Northern 
stone,  which  weighed  from  2  400  to  2  700  lbs.  per  cubic  yard.     The 
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price  of  oyster  shell  varied  from  ^1  to  $1.40  per  cubic  yard,  according 
to  tlie  position  where  used. 

Shore  Connections — North  Jetty. — The  inner  end  of  the  north  jetty, 
as  first  built,  wastTvice  flanked  by  the  sea,  and  a  dangerous  cutting  of 
the  beach  took  place.  In  1887  the  channel  was  closed  and  the  jetty 
carried  beyond  high  water-mark  by  a  pile  dike.  This  consisted  of 
two  rows  of  palmetto  piles,  6  ft.  apart,  tied  together  and  braced.  The 
piles  were  driven  by  the  aid  of  the  water- jet.  The  space  between  the 
piles  was  filled  with  stone,  resting  on  a  log  mattress  foundation.  The 
strong  currents  induced  great  scour  and  cutting  of  the  beach  as  the 
piles  were  placed,  and  after  the  hearting  was  in  position,  under  the 
dike.  The  mattress  j^roved  too  stifi"  to  follow  the  lowering  sand,  and 
the  hole  under  the  dike  attained  a  depth  of  10  to  15  ft.  Finally,  the 
mattress,  where  necessary,  was  torn  out  and  the  holes  filled  with 
brush  in  bundles  and  rip-rap  stone.  "Wings  of  rip-rap  were  built  on  the 
two  sides  of  the  dike,  to  stop  the  scour  of  the  racing  waves.  Within  a 
year  the  beach  had  built  to  the  level  of  the  top  of  the  dike,  the  sand 
advancing  from  the  north  over  the  lowered  beach  like  a  great  wave. 
The  dike  is  now  buried  completely. 

The  south  jetty  shore  extension  was  made  with  rip-rap,  capped 
with  concrete  blocks,  over  the  old  mattresses.  Immediately  after  the 
work  was  finished  a  fill  began  on  the  south  side,  while  the  north  side  was 
cut,  showing  that  the  sand  on  this  side  was  suj^plied  from  the  south. 
By  removing  a  portion  of  the  jetty  capping,  just  beyond  the  high 
water-line,  a  Vjreach  was  made  about  20  ft.  long,  with  its  crest  at  about 
half-tide  level.  A  large  supjily  of  sand  was  swept  through  this  breach 
at  each  flood. 

Sand  Catches. — Cheap  and  efficient  sand  catches  were  made  by  an 
ordinary  post  and  rail  fence.  The  posts  were  set  up,  and  a  couple  of 
boards,  with  an  interval  an  inch  wide  between  them,  to  reduce  the  wind 
eddy,  were  nailed  on  just  above  the  sand  level.  As  the  sand  built  up, 
other  boards  were  added,  until  the  desired  height  was  reached.  This 
style  of  sand  catch  was  used  earlier,  at  the  Cape  Fear  work.  Another 
efficient  catch  was  made  from  old  cement  barrels,  filled  with  sand. 

Gapping.  — The  experience  at  Cape  Fear  had  shown  the  necessity  for 
smooth,  easy  slopes  for  the  portion  of  the  jetty  exposed  to  wave  action, 
where  very  heavy  blocks  could  not  be  obtained.  Accordingly,  when, 
in  1888,  it  became  necessary  to  raise  the  level  of  the  inner  end  of  the 
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north  jetty  above  the  low-water  level,  in  order  to  build  ont  the  beach 
and  to  strengthen  the  shore  connection,  recourse  was  had  to  light 
blocks  of  concrete,  since  stone  in  proper  sizes  was  too  costly.  These 
"were  laid  with  a  crest  2  ft.  wide,  5  ft.  above  the  level  of  mean  low 
water,  and  side  slopes  of  1  on  3.  The  blocks  had  an  exiJosed  surface 
of  4  X  2  ft.,  and  were  18  ins.  deep.  To  permit  construction  to  be  car- 
ried on  during  the  falling  as  well  as  during  the  rising  tide,  and  to  allow 
each  block  to  settle  freely,  all  the  sides  were  made  vertical,  giving  a 
lozenge-shaped  vertical  section,  perpendicular  to  the  jetty  axis.  To 
break  joints  properly,  the  blocks  were  laid  herring-bone  fashion,  as  in 
brick  sidewalks.  Each  block  weighed  1  700  lbs.  When  left  loose  on 
t^p  of  the  jetty,  they  were  moved  by  the  waves  easily.  None  were  ever 
disturbed  after  having  been  placed.  The  heaviest  waves  slipped 
smoothly  over  the  slopes  without  their  jjower  having  been  developed. 
The  joints  between  the  blocks  and  the  lewis  holes  through  them  were 
found  advantageous  for  permitting  the  escape  of  air  from  the  np-rajj 
hearting  during  wave  action.  Later,  a  small  section  G  500  ft.  Irom 
shore  was  capped  with  concrete  blocks,  weighing  1  600  lbs.,  of  hex- 
agonal horizontal  section,  with  vertical  sides  18  ins.  deep,  and  laid  with 
side  slopes  of  1  on  2.  These  proved  easy  to  handle  and  to  jjlace,  but 
were  just  under  the  limit  of  weight.  One  or  two  blocks  on  the  inner 
slope  were  jumped  out  of  jjlace  during  storms. 

Tides  and  Currents.  — The  mean  range  of  tide  at  the  mouth  of  St. 
Johns  River  has  been  stated  to  be  5.2  ft.  The  tidal  curves  given  on 
Plate  ^TH  show  the  tidal  range  on  June  5th,  1890,  and  the  mean  veloci- 
ties on  the  same  date.  Station  No.  1  was  on  the  crest  of  the  bar,  on 
the  edge  of  the  channel,  2  000  ft.  outside  of  the  outer  end  of  the  south 
jetty.  Station  No.  2  was  in  the  south  jetty  channel,  2  000  ft.  inside 
the  outer  end  of  the  south  jetty.  Station  No.  3  was  in  the  north 
jetty  channel,  directly  opposite  the  angle  in  the  jetty.  In  1879 
the  mean  flood  and  ebb  velocities  in  the  river  at  Mayport  were 
estimated  to  be  1.6  and  2.2  ft.  per  second,  respectively.  The  tidal 
curves  of  Plate  VIII  may  be  considered  to  be  fairly  typical.  The 
current  directions  at  Station  No.  1  were  inclined  toward  the  south  jetty 
channel  during  flood,  and  away  during  ebb.  At  Station  No.  2,  south 
jetty  channel,  the  directions  were  in  during  flood,  and  out  during 
ebb.  At  Station  No.  3,  north  jetty  channel,  the  directions  were  in 
during  flood,  and  out  during  ebb.     At  this  last  station  the  influence  of 
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the  flow  across  the  jetty  during  both  flood  and  ebb  was  seen  more 
plainly  than  at  Station  No.  2.  The  slight  develoi^ment  of  flood  velocities 
and  the  strong  ebb  velocities  at  all  of  the  stations  will  be  noted.  In  gen- 
eral, it  has  been  observed  that  the  flood  pours  in  across  the  jetties  from 
both  sides  and  through  the  opening  between  the  jetties,  and  that  the 
high  flood  velocities  are  not  found  until  the  flow  is  concentrated  in  the 
interior  channels  ;  that  the  ebb  follows  defined  channels  as  much  as 
possible,  is  strongest  in  them,  and  is  the  controlling  current  in  the 
channels  across  the  bar  ;  that  head  and  velocity  of  ebb  currents 
are  decreased  as  the  distance  from  the  mouth  increases,  by  the  spill 
over  the  tops  of  both  jetties ;  that  the  submerged  jetties  control  the 
bulk  of  the  ebb  flow,  guiding  it  with  least  loss  of  head  when  the  cur- 
rent is  parallel  to  them  ;  and  that  the  maximum  flow  across  the  jetties 
on  both  ebb  and  flood  is  dependent  on  the  direction  of  the  wind,  that 
is,  a  strong  wind  from  the  north  will  increase  the  relative  flow  across 
the  north  jetty  during  floods  and  decrease  it  during  ebbs,  and  the 
reverse. 

No  diminution  of  the  tidal  range  or  volume  in  the  river  has  been 
observed  since  the  work  began. 

Jetly  Location  and  Sand  Movement. — The  work  at  the  mouth  of  St. 
Johns  River  illustrates  clearly  the  fact  that  the  drift  and  wave  bars  of 
our  southern  coast  can  be  molded  at  will  by  the  engineer.  A  new 
channel  can  be  formed  on  any  desired  line.  The  cost  of  forming  and 
maintaining  this  channel  will  vary  with  the  location  and  form  given 
the  jetties,  and  the  best  position  will  be  that  in  which  this  total  cost  is 
least.  Many  conditions  must  be  considered  when  the  location  is 
selected,  and,  the  location  having  been  made,  there  remains  the  choice 
of  methods  for  compelling  the  necessary  scour  ;  so  that  it  is  not  sur- 
prising that  engineers  should  differ.  After  a  work  has  been  started, 
the  knowledge  gained  by  the  work  itself  may  show  that  another  plan 
might  have  proved  more  economical  and  make  later  criticism  easy. 
The  plan  adojited  by  General  Gillmore  for  the  St.  Johns  improvement 
is  similar  to  that  adopted  earlier  at  Charleston,  and  is  nearly  on  the 
lines  recommended  for  parallel  jetties  by  Mr.  James  B.  Eads,  C.  E.,  to 
the  citizens  of  Jacksonville. 

The  history  of  the  sand  movement  between  the  jetties  may  be  sum- 
marized as  follows  :  In  1879  (see  Plate  VII)  the  project  was  formed. 
There  were  then  two  channels  across  the  bar,  one  leading  out  between 
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the  Hues  of  the  i>roi>osoil  jottios,  aud  ouo,  slightly  deeper,  on  a  straight 
Hue  ruuuiug  southeast  from  the  mouth.  The  north  jetty  is  so  placed 
as  to  run  on  nearly  the  shortest  Hue,  in  the  shoalest  water,  from  a  safe 
point  on  shore,  north  of  the  river  mouth,  to  the  north  side  of  the 
channel  over  the  bar.  The  projiosed  south  jetty  crossed  the  perma- 
nent deep  channel  leading  to  the  south  along  the  coast,  and  converged 
toward  the  north  jetty,  until  at  the  channel  over  the  bar,  where  the 
Avork  was  required,  the  desired  contraction  was  attained,  when  it 
became  parallel  to  the  north  jetty. 

In  1883  the  north  channel  of  1879  had  been  closed  by  a  sand  bank, 
bare  at  low  water,  reaching  to  the  site  of  the  south  jetty,  and  the  sail- 
ing line  was  across  the  south  jetty,  through  the  south  channel.  The 
north  jetty  was  too  short  to  have  any  effect  beyond  the  development  of 
a  current  ai-ound  its  ends,  cutting  back  the  beach.  The  south  jetty 
foundation  was  extended  to  5  000  ft. ,  and,  excepting  in  the  sailing  gap 
where  an  18-ft.  channel  was  left,  it  was  built  nearly  to  low  water. 
From  its  jjosition,  it  acted  as  a  partial  dam,  directly  across  the  main 
channel.  The  effects  were  :  first,  a  portion  of  the  ebb  flow  of  the 
ship  channel  was  deflected  to  the  northeast  ;  second,  the  channel 
shoaled  slightly  midway  between  the  jetties  ;  third,  there  was  great 
scour  at  and  near  the  sailing  gap  ;  fourth,  a  portion  of  the  dammed-np 
water  had  passed  out,  close  to  the  south  jetty,  cutting  off  the  edge  of 
the  sand  bank  (Wards  Bank)  and  forming  a  narrow  channel  directly 
seaward. 

In  1885  the  channel  to  the  north  across  the  line  of  the  north  jetty 
had  become  more  clearly  defined;  the  shoaling  of  the  "  middle  ground  "' 
in  the  ship  channel  had  continued,  and  the  channel  north  of  the  south 
jetty  had  enlarged.  The  north  jetty  had  just  been  extended  from  both 
ends  and  its  effects  had  not  yet  showed  themselves. 

In  1886  the  middle  ground  had  shoaled  to  14  ft. ;  the  channel  to  the 
north  had  grown  and  had  undermined  the  end  of  the  north  jetty.  Its 
inner  end  was  also  flanked.  The  south  jetty  channel  had  enlarged  and 
become  the  main  ship  channel.  The  shoals  north  of  the  south  jetty 
had  grown  to  their  greatest  size. 

v^  In  1888  the  old  sailing  gap  in  the  south  jetty  had  been  closed  for 
over  a  year.  The  middle  ground  had  shoaled  to  10.4  ft.  The  inner 
end  of  the  north  jetty  had  been  secured,  and  the  beach  there  had  begun 
to  build.     The  north  jetty  had  been  extended  to  stop  a  portion  of  the 
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flow  across  its  line,  but  the  extent  of  the  loss  from  the  ebb  currents 
there  is  shown  by  the  scour  along  and  in  advance  of  its  site.  The 
futility  of  the  expectation  of  building  the  jetty  in  shoal  watet  had  been 
shown  by  the  scour,  produced  by  the  jetty  itself  as  well  as  by  the 
water  diverted  across  it  by  the  damming  action  of  the  south  jetty.  The 
north  jetty  had  begun  to  turn  a  portion  ot  the  flow  which  formerly 
crossed  its  site  in  the  direction  of  the  bar  channel.  A  portion  of 
Wards  Bank  had  been  scoured  away.  The  south  jetty  channel  had 
widened  and  deepened,  and  the  least  depth  across  the  bar  was  13  ft. 
South  of  the  south  jetty  there  had  been  a  marked  shoaling  in  the  old 
channels. 

By  1890  the  north  jetty  had  been  extended  to  the  same  length  as  the 
south.  The  effects  of  the  1890  work  are  seen  in  the  maj)  for  1891,  in 
the  straightening  of  the  old  jjermanent  channel,  just  outside  the  river 
mouth;  in  the  disappearance  of  Wards  Bank  and  the  opening  of  the 
new  straighter  sailing  line  between  the  jetties  to  the  north  of  the 
middle  ground  shoal,  on  which  the  depths  had  decreased  to  9.4  ft. 
Unfortunately,  in  October,  1889,  work  had  to  be  sus^jended,  owing  to 
a  lack  ot  money,  and,  during  the  suspension,  the  jetty  channel  was 
forced  by  the  northeast  gales  to  the  south,  across  the  line  of  the  south 
jetty.  This  bending  of  the  channel  has  been  a  source  of  great  difficulty 
since  then.  The  only  effective  work  to  be  done  was  to  extend  the  south 
jetty.  This  could  not  be  extended  without  closing  the  commercial 
entrance  to  the  port  to  an  unwarrantable  extent.  At  the  same  time  the 
scour  through  the  channel  deepened  the  site  over  which  the  jetty 
must  be  built,  and  this  increased  its  height  and  cost.  Under  these 
circumstances  work  has  been  confined  to  sto^rping  the  escape  of  water 
around  the  end  of  the  north  jetty  by  a  slight  further  extension,  by 
raising  the  jetties  to  the  level  of  mean  low  water,  and  by  pushing  the 
south  jetty  gradually  seaward. 

The  fall  and  winter  of  1891-92  was  unusually  stormy,  so  that  on  the 
map  of  1892  the  channel  is  found  pushed  far  to  the  south,  and  the 
entrance  difficult.  On  the  other  hand,  the  greater  portion  of  the  sand 
which  formerly  had  obstructed  the  water-way  between  the  jetties  is 
found  to  have  been  scoured  away.  The  deep  channel  from  the  river 
extends  in  nearly  a  straight  line  as  far  as  the  end  of  the  south  jetty, 
and  the  north  jetty  channel  extends  with  a  depth  of  12  ft.  to  within 
200  ft.  of  the  outer  slope  of  the  bar.     Once  this  channel  is  oi^ened,  it 
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■will  bo  a  comparatively  simple  matter  to  control  the  flow  sufficiently 
to  obtain  the  requii'ed  depth  across  the  bar. 

Remarks. — The  six  years'  experience  of  the  writer  at  this  work  has 
led  him  to  the  following  conclusions.  In  a  work  under  conditions 
similar  to  those  existing  at  the  mouth  of  St.  Johns  Biver  (where  the 
tidal  flow  is  ample,  and  where  the  sand  movement  is  large  and  from 
the  north),  two  jetties  are  required.  Their  location  should  be  such 
that  as  much  advantage  as  possible  may  be  taken  of  any  conditions 
which  permanent  deep  channels  prove  to  have  had  a  controlling  jiower. 
To  this  end  permanent  deep  channels  should  be  followed,  as  far  as  con- 
sistent with  economy  in  jetty  length  and  construction  and  with  a 
proper  direction  for  navigation  purposes.  "When  permanent  natural 
channels  must  be  crossed,  they  should  be  deflected  and  not  dammed, 
so  that  the  channel  first  scoiired  by  the  w^ork  shall  be  in  or  near  the 
position  of  the  proposed  channel. 

The  jetty  on  the  side  opposite  the  source  of  the  moving  sand,  in 
the  case  in  point,  the  south,  probably  will  be  always  the  guiding  jetty 
and  the  channel  probably  will  skirt  it,  at  least  through  the  most  pre- 
carious portion  of  its  course.  Through  this  portion  of  the  course  it 
should  be  straight,  or  concave  toward  the  channel.  The  north  jetty 
will  be  needed  to  prevent  the  loss  of  water  through  false  channels 
across  its  line.  These  may  be  formed  by  the  excess  of  head  before 
the  main  channel  is  fairly  opened,  or  by  the  deflection  of  the  main 
channel  during  storms  from  the  south,  the  north  jetty  will  act,  to 
some  extent,  also  as  a  barrier  against  moving  sand ;  but  unless  it  be 
given  an  excessive  height,  this  barrier  must  soon  be  crossed.  If  the 
necessary  height  be  given,  where  the  vohime  of  moving  sand  is  as 
great  as  along  the  Florida  coast,  the  building  out  of  the  north  shore 
may  entail  a  speedy  extension  of  the  jetties,  as  well  as  increased  first 
cost  due  to  the  great  strength  required  for  a  breakwater,  such  as  this 
then  becomes.  When  the  moving  sand  does  cross  the  north  jetty,  it  still 
remains  as  a  solid  core,  necessary  to  prevent  the  formation  of  false 
channels  across  the  sand  dike.  If  the  south  jetty  be  prolonged  suf- 
ficiently, it  will  be  easy  so  to  proportion  the  width  of  entrance  to  the 
tidal  prism  of  the  basin  within  as  to  maintain  velocities  sufficient  to 
sweejj  into  deep  water  the  sands  which  encroach  on  its  northern  edge. 

The  height  of  the  jetty  should  be  sufficient  to  control  the  ebb  flow 
to  the  required  extent,  and  no  greater.    An  increase  of  height  calls  for 
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a  rapid  increase  of  strength  to  resist  the  greater  amount  of  wave 
force  -which  must  be  met  and  absorbed  by  the  jetty.  Where  an  in- 
crease of  tidal  basin  is  not  required,  the  jetties  should  run  on  the 
shortest  line  to  that  point  beyond  the  entrance  at  which  the  condition 
of  the  natural  channel  shows  that  the  ebb  currents  require  aid  to 
maintain  the  channel  depths.  An  increase  of  tidal  basin,  therefore 
increased  power  at  the  bar,  may  be  obtained  where  needed  by  a  wider 
divergence  of  the  inner  ends  of  the  jetties. 

Like  all  the  works  along  the  coast,  the  St.  Johns  work  has  been 
hampered  by  irregular  and  insufficient  supplies  of  funds.  The  imme- 
diate needs  of  navigation  had  to  be  jjrovided  for.  It  was  impossible 
for  the  engineer  in  charge  to  foretell  when,  if  ever,  a  future  apjDro- 
priation  would  be  made.  It  was  therefore  impossible  to  carry  on 
continuous  work  with  the  most  economical  methods,  or  to  meet 
emergencies  as  they  presented  themselves.  Like  most  unwelcome 
things,  they  seemed  to  have  the  faculty  of  coming  forward  exactly 
at  the  wrong  time. 

The  ultimate  height  and  length  of  the  jetties  will  be  controlled  by 
the  necessities  of  the  work.  The  marked  difference  in  level  of  the 
planes  of  mean  flood  and  ebb  flow  make  easier  the  problem  of  con- 
trolling the  ebbs  without  too  great  an  interference  with  the  floods. 
The  work  already  done  by  the  jetties  has  been  enormous.  Up  to  June 
30th,  1892,  the  total  scour  has  been  about  4  500  000  cu.  yds.,  and  the 
cost  of  removal  (the  cost  of  the  jetties)  about  21  cents  per  cubic  yard, 
while  the  cost  of  dredging  in  1872-73  was  over  50  cents  per  cubic  yard. 
A  portion  of  this  material  has  been  deposited  beyond  the  crest  of  the 
bar  in  moving  it  seaward,  but  the  greater  portion  has  been  passed  to 
the  south.  Each  year  shows  a  marked  gain  of  channel  length  on  the 
bar  crest,  and  it  cannot  be  long  before  the  required  depth  is  attained. 

This  work  was  under  the  charge  of  General  Gillmore  from  1869  to 
1885  ;  of  Captain  W.  T.  Eossell  from  1885-86;  of  Captain  W.  M.  Black 
from  1886-91,  and,  since  then,  of  Major  J.  C.  Mallery.  General  Gill- 
more's  assistants  were  Lieutenant  W.  L.  Fisk,  Captain  J.  C.  Post  and 
Captain  W.  T.  Eossell.  The  writer  is  greatly  indebted  to  the  entire 
staff  of  the  work  for  most  interested  and  efficient  assistance.  His 
princij^al  assistants  were  Messrs.  A.  W.  Barber,  D.  B.  Dunn,  J.  W. 
Sackett  and  J.  H.  Bacon  and  Lieutenant  D.  D.  Gaillard.  Major  Mal- 
lery s  assistant  is  Mr.  E.  W.  Gieseler. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED    1852. 


TIl^NSA_CTIO]SrS. 

Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced  in 

any  of  its  publications. 


611. 

(Vol.  XXIX.— August,  1893.) 


THE   REARRANGEMENT    OF    RAILROAD   TRACKS 
AND  STATIONS  IN   COLOGNE,  PRUSSIA. 


By  F.  Lohse,  Eisenbalin  Ban  und  Betriebs-Inspector,  at  Cologne, 

Prussia. 


Translated   from   the    German   by    Mansfield    Mekkiman, 
M.  Am.  Soc.   C.  E. 


Prepared  for  the  Iuteruatioii.il  Engrineeriug  Cougress  of  the 
Columbian  Exposition,  1893. 


Cologne,  the  third  cdty  of  Prussia  in  respect  to  population,  has,  in- 
clusive of  the  suburbs,  over  300  000  inhabitants. 

In  consequence  of  the  demolition  of  the  old  fortifications  in  1881, 
and  the  establishment  of  a  new  boundary  about  500  m.  (1  GiO  ft.)  dis- 
tant from  the  old  one,  Cologne  has  grown  very  rapidly  in  the  last  10 
years,  the  increase  in  population  being  about  60  000.      Not  merely  its 

Note.— Biscussions  on  all  papers  presented  to  the  International  Engineering  Congress 
•will  be  published  simultaneously  in  the  number  for  December,  1893. 
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population,  but  also  its  extensive  business  interests  and  the  commer- 
cial activity  of  its  inhabitants,  place  Cologne  at  the  head  of  the  cities 
of  the  western  i^rovinces  of  Prussia. 

The  commerce  of  Cologne  is  partly  that  of  the  Khine,  about 
500  000  tons  per  annum;  but  far  more  imi^ortant  is  that  of  the  railroads 
centering  there. 

Cologne  is  the  terminus  of  three  important  railroad  systems, 
viz. : 

1.  The  lines  on  the  right  bank  of  the  Rhine  (to  Holland,  Hamburg, 
Berlin  and  the  North). 

2.  The  lines  to  Aix-la-Chapelle  and  Crefeld  (to  Belgium,  Holland 
and  England). 

3.  The  lines  to  Bingen  and  Trier  (the  principal  connection  with  the 
South). 

The  traffic  of  these  lines  was  in  the  old  arrangement  provided  for 
by  two  tracks  through  the  main  jjassenger  station  and  by  a  few  sidings. 
Since  these  tracks  had  no  essential  enlargement  for  30  years  they 
were  inadequate  to  accommodate  the  increasing  traffic.  At  j)resent 
82  jjassenger  trains  dejiart  daily  from  the  main  passenger  station,  and 
78  arrive;  to  these  must  be  added  many  freight  and  other  trains.  The 
annual  j^assenger  business  may  be  estimated  at  about  5  000  000  persons, 
of  which  1  000  000  can  be  counted  as  of  the  city.  Since  almost  all 
trains  are  made  up  in  Cologne,  and  few  pass  through,  the  large 
through  traffic  must  also  be  provided  for,  and  it  is  astonishing  that  it 
was  possible  to  do  this  so  long  in  the  old  station  in  a  systematic 
manner. 

A  second  unfortunate  condition  of  the  old  railroad  tracks  lay  in  the 
numerous  gi-ade  crossings  of  streets.  It  was,  of  course,  understood 
that  in  the  new  construction  work  these  should  be  abolished  or 
avoided. 

Concerning  the  freight  traffic  the  condition  of  things  was  similar, 
particularly  because  an  extensive  through  traffic  was  controlled  here. 
At  the  freight  and  switching  station,  Gereon,  the  switching  reached 
the  total  annual  amount  of  1  000  000  cars,  and  in  active  seasons  more 
than  4  000  cars  were  switched  during  24  hours  into  their  resi^ective 
places.  But  this  was  the  limit  of  possibility,  while  the  traffic  contin- 
ually kept  on  increasing. 

All  these  circumstances  demanded  an  alteration  of  the  layout,  and 
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this  imleccl  had  boeu  i)laimod  uoarly  20  years  ago  by  the  former 
owuers  of  the  railroads,  the  Rhiue  Railroad  Company  and  the  Cologne 
and  Minden  Railroad  Company.  In  consequence  of  the  purchase  of 
the  lines  by  the  Prussian  Government  in  1880,  the  opportunity  for 
this  rebiiilding  and  improvement  was  materially  hastened,  so  that  in 
1883  the  necessary  funds  were  voted  by  the  Prussian  House  of 
Deputies. 

I.   The  New  R.^tlroad  System  in  Genekaij  (Plate  1). 

At  the  time  when  the  preparation  of  the  j^lans  for  the  new  system 
was  begun,  the  demolition  of  the  old  fortifications,  in  order  to  extend 
the  limits  of  the  city,  was  in  progress. 

In  consequence  of  this,  the  question  arose  whether  the  main  pas- 
senger station  should  remain  in  its  old  location  near  the  cathedral  or 
should  be  transferred  to  the  new  part  of  the  city.  Several  plans  and 
estimates  were  made,  but  the  final  decision  was  in  favor  of  the  old  lo- 
cation. To  this  condition  and  to  that  of  the  avoidance  of  grade 
crossings,  by  elevating  the  tracks  above  the  streets,  the  entire  plan 
was  subordinated.  There  were  many  difficulties  in  carrying  out  the 
second  condition,  particularly  with  Eigelstein  Street,  back  of  the  pas- 
senger station.  This  street  had  to  be  depressed  aboiit  2  m.  (6.5  ft.), 
and  the  tracks  were  laid  on  the  Rhine  Bridge  on  a  grade  of  1  in  275, 
while  the  entire  tracks  of  the  station  were  laid  on  a  grade  of  1  in  400, 
in  order  to  give  the  necessary  heading  of  4.65  m.  (15.2  ft.)  above  the 
surface  of  Eigelstein  Street. 

On  the  other  parts  of  the  lines  the  steej)est  grade  of  the  main  track 
is  1  in  200,  and  the  smallest  radius  is  300  m.  (984  ft.). 

Inside  of  the  former  city  limits  the  old  roadbed  was  utilized  and 
widened,  so  that  instead  of  the  former  double  track  three  double  tracks 
could  be  laid.  One  double  track  is  devoted  to  the  trains  toward 
Bingen  and  Trier,  another  to  those  toward  Aix-la-ChajDelle  and  Crefeld, 
and  between  these  are  two  tracks  for  the  connection  of  the  main  sta- 
tion with  the  "traffic  staticm  "  (Betriebsbahnhof). 

At  the  traffic  station  the  empty  passenger  cars  are  side-tracked  and 
cleaned.  There  all  the  business  in  connection  with  fast  freight  traffic 
and  with  the  through  mails  is  conducted. 

Hence,  in  the  old  city  the  railroad  consists  of  six  tracks  which  are 
supported  by  a  viaduct  or  elevated  substructure.      Outside  of  the  old 
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city,  on  account  of  the  less  value  of  land,  eartlien  embankments  are 
xised  for  the  roadbed. 

The  tracks  of  the  Aix-la-Chajjelle  and  Crefeld  line  soon  leave  the 
limits  of  the  city  and  join  the  old  line,  while  those  of  the  Bingen  line 
are  laid  close  along  the  new  ramparts  until  they  join  the  old  road. 

On  the  last-mentioned  line  there  are  two  passenger  stations.  West 
Cologne  and  South  Cologne. 

For  the  freight  traffic  there  was  erected  a  large  freight  and  switch- 
ing station,  jsartly  on  the  location  of  the  old  freight  station.  This  is 
made  accessible  to  the  trains  from  and  to  Bingen  and  Trier  by  a 
branch  connecting  with  the  stations  at  West  Cologne  and  South  Col- 
ogne. For  the  lines  toward  Aix-la-Chapelle  and  Crefeld  the  freight 
tracks  branch  off  near  the  ramparts  at  the  point  where  the  main 
tracks  diverge  to  these  two  places.  For  the  traffic  on  the  right  bank 
of  the  Rhine,  a  connection  is  made  at  Gladbacher  Street  near  the 
passenger  station.  West  Cologne. 

To  replace  the  old  freight  station,  Pautaleon,  a  new  freight  station 
was  erected  at  South  Cologne,  near  the  i)assenger  station  of  that  name. 
For  the  connection  between  the  freight  stations  Gereon  and  South 
Cologne  there  is  a  sjiecial  third  track,  which  later  will  be  extended  to 
the  improvements  now  in  jjrogress  along  the  harbor. 

II.  The  Main  Passenger  Station  Neak  the  Cathedkai..* 

(a)  Reception  and  Waiting  Buildings  (Plates  II,  III,  IV,  V,  AT:).— The 
following  fundamental  conditions  are  established  for  the  larger  of  the 
new  passenger  stations  of  the  Prussian  railroads : 

1. — Passengers  are  not  to  be  allowed  to  cross  the  tracks. 

2.  — The  movement  of  baggage  and  mails  to  be  on  different  i^lat- 
forms  or  i^assages  from  that  of  passengers. 

3. — The  distances  traveled  over  in  the  station  by  passengers  to  be 
the  shortest  possible,  regard  being  had  to  ascents  and  changes  of  di- 
rection. 

The  conditions  1  and  2  could  be  fully  satisfied  in  the  main  pas- 
senger station  in  Cologne,  but  3  could  only  so  far  as  the  relations  of 
the  surroundings  allowed.     In  the  train  shed  the  tops  of  the  rails  are 

*At  the  World's  Columbian  Exposition,  in  Chicago,  the  architectural  plans  for  this  pas- 
senger station  have  been  i^laced  on  exhibition  by  the  Prussian  Minister  of  Public  Woiks. 
Also  a  model  of  the  large  train  shed  is  exhibited  bj-  the  Union  Company,  of  Dortmund. 
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about  4  m.  (13.1  ft.)  higlun-  tliau  tlio  pfroiiml  in  front  of  the  station  it- 
self. A  prominent  doiuo  inclieatos  to  the  i)assenger  the  tloor  to  the  en- 
traui'e  hall.  Tlie  (limeusions  of  this,  41  by  18  m.  (134  by  59  ft.), 
are  sin-h  that,  iiumoiliately  on  entering,  the  ticket  offices  are  seen  on 
both  right  and  left.  Moreover,  on  the  right  is  a  ])ackage-room,  and  on 
the  left,  rooms  for  the  police  and  for  the  change  of  foreign  money. 

Directly  beside  the  entrance  hall  to  the  left  is  the  spacious  bag- 
gage-room. The  toilet-rooms  for  men  and  women  lie  between  the 
entrance  hall  and  the  passage  tunnel  which  leads  under  the  tracks  to 
Maximinen  Street.  The  traveler  passes  half  way  through  this  tunnel, 
mounts  a  flight  of  stejjs  and  arrives  at  the  waiting-rooms. 

The  waiting-room  building  contains  on  the  main  floor  the  wait- 
ing-room for  first  and  second  class  i^assengers,  and  that  for  third  and 
fourth  class  jjassengers;  a  dining-room  situated  between  them;  two 
ladies'  rooms  with  a  lavatory  ;  rooms  for  royal  passengers,  and  a  few 
offices  for  employees  (Plate  III). 

The  kitchens  and  pantries  for  the  restaurants  are  on  an  upper 
floor,  while  in  the  cellar  underneath  the  waiting-rooms  is  space  for 
storing  ijrovisions.  On  the  main  floor,  beside  the  waiting-room  of  the 
first  and  second  class  passengers,  is  a  bufiet-room  connected  by  a  lift 
with  the  kitchen  above.  The  cellar  underneath  the  waiting-rooms  is 
connected  with  Maximinen  Street  by  a  special  tunnel. 

For  the  passengers  arriving  from  the  west  side  of  the  Ehine  a 
special  exit  tunnel  has  been  provided  underneath  the  tracks.  At  the 
end  of  this  tunnel  the  traveler  comes  on  the  left  to  the  baggage-room, 
and  on  the  right  to  the  package-room,  toilets  and  lavatories.  More- 
over, near  the  baggage  office  are  found  some  rooms  for  railroad  officials, 
as  also  a  hospital  room  for  the  reception  of  sick  or  wounded  i^ersons. 
In  this  northwest  wing  are  found  on  the  same  level  as  the  j^latforms 
two  waiting-rooms  for  arriving  passengers.  The  story  above  is  re- 
served for  the  servants  of  the  restaurant  keeper. 

For  through  passengers  there  are  also  two  larger  toilet-rooms  at 
the  end  of  the  siding  for  the  lines  on  the  east  of  the  Bhine. 

At  the  extreme  eastern  end  of  the  platforms,  in  the  reception  build- 
ing, are  the  rooms  for  royal  j^ersonages.  The  vestibule,  which  lies 
somewhat  lower,  is  accessible  by  a  few  stejjs  leading  from  the  street. 
Between  the  rooms  for  royalty  and  the  entrance  hall  rises  the  clock 
tower. 
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The  baggage  is  carried  from  tlie  baggage-room  by  means  of  bar- 
rows through  si^ecial  tunnels  parallel  to  those  used  by  passengers,  and 
raised  by  hydraulic  lifts  to  the  baggage  platforms.  All  these  tunnels 
lead  through  to  Maximinen  Street;  they  are  arched  passages  beneath 
the  tracks,  which  later  will  in  part  be  rented,  but  which  will  continue 
to  be  used  by  the  ticket  and  baggage  service  until  the  reception  build- 
ing is  completed.  In  these  tunnels  are  also  placed  the  dynamos  for 
the  electric  lighting  and  the  pumps  for  the  hydraulic  accumulators. 
The  boiler  house  for  these  machines  is  located  in  Maximinen  Street. 

The  front  of  the  reception  building  is  entirely  constructed  of  Sile- 
sian  sandstone. 

All  the  roof  structures  of  large  span  are  built  of  ii'on.  The 
ceilings  of  the  entrance  hall,  baggage-room  and  exit  hall  are  also  sup- 
ported by  iron  girders  of  diflferent  depths.  These  form  rectangular 
panels  which  are  filled  with  corrugated  iron.  The  corrugations  being 
in  different  directions  in  different  j^anels,  and  the  plates  being  partly 
arched,  a  striking  ceiling  pattern  is  formed. 

The  waiting-room  building  is  built  of  iron-work  Tvdth  glazed  brick 
and  terra-cotta  intermingled.     In  architectural  comportment  the  rear 
of  the  reception  building  is  also  ornamented  Avith  glazed  brick,  while      I 
the  roof  is  likewise  of  iron. 

All  floors  are  solidly  formed  by  iron  girders  with  beton  arches 
turned  between  them. 

The  rooms  of  the  entrance  uuilding  and  of  the  waiting  building 
are  heated  by  low-pressure  steam;  the  boilers  for  this  purjjose  are 
in  an  arched  room  underneath  the  tracks  in  Maximinen  Street.  In  great 
part,  however,  the  exhaust  steam  of  the  plant  which  drives  the  dy- 
namos and  i^umps  is  utilized  for  heating. 

(h)  TracTca  and  the  Movement  of  Trains  (Plate  III). — On  each  side  of 
the  long  waiting  building  lie  two  main  tracks,  between  which  is  an 
isolated  platform  5-5  m.  (180  ft.)  in  breadth.  Two  other  jiair  of  tracks 
terminate  in  this  platform  from  each  end,  thus  forming  three  pro- 
jecting platforms.  Further,  there  exist  on  both  Maximinen  Street 
and  on  the  front  means  of  exit.  This  arrangement  was  advantageous 
for  Cologne,  because  nearly  all  trains  are  there  made  up.  Each  track 
has  one  platform  for  the  passengers  and  another  for  the  baggage  and 
express.  The  tracks  are  spaced  apart  from  8.5  to  9.5  m.  (27.8  to  31.1 
ft.)  when  a  baggage  platform  lies  between,  and  about  12  m.  (39.3  ft.) 
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when  a  passenger  platform  lies  between.  All  the  tracks  are  covered 
by  a  train  shed. 

The  outside  tracks,  whose  platforms  are  not  directly  connected 
with  the  middle  one,  are  for  freight  trains,  and  for  those  local  trains 
which  are  not  used  by  passengers  going  far  from  the  city.  The  SAvitch- 
ing  connections  are  so  arranged  that  each  track  can  be  used  both  for 
incoming  and  outgoing  trains  in  many  directions. 

On  both  sides  of  the  station  are  signal  offices  from  which  the  signals 
and  switches  are  operated.  Each  track  has  a  signal  for  both  outgoing 
and  incoming  trains,  and  the  same  is  true  for  each  of  the  main  lines. 
Each  signal  office  is  under  the  charge  of  an  official  who  has  control  of 
the  departure  and  entrance  of  the  trains.  The  two  signal  offices  are 
nevertheless  so  far  interdependent  that  the  signals  for  the  through  trains 
on  the  main  ti'ack  can  only  be  given  by  the  common  consent  of  both. 

For  the  mails  there  is  a  sjiecial  passage  between  the  exit  tunnels  and 
Eigelstein  Street  which  is  connected  with  each  baggage  platform  by  a 
hydraulic  lift.  This  tunnel  passes  under  Marzellen  Street  and  termin- 
ates at  the  main  post  office,  so  that  the  mail  and  express  matter  to  and 
from  Cologne  is  easily  handled. 

After  the  passengers  and  the  mail  for  Cologne  have  been  unloaded, 
the  empty  train,  inclusive  of  postal  and  exjjress  cars,  moves  to  the 
traffic  station  where  the  business  of  transferring  through  mail  and 
express  matter  is  done. 

The  lighting  of  the  main  passenger  station  is  in  general  by  elec- 
tricity, but  the  offices  are  lighted  by  gas. 

(c)  The  Train  Shed  (Plates  YII,  Vni  and  IX).— The  train  shed  has  a 
length  of  255  m.  (837  ft.)  and  a  breadth  of  92  m.  (292  ft.),  covering  an 
area  in  round  numbers  of  22  200  sq.  m.  (238  970  sq.  ft.).  The  following 
table  gives  a  comiiarison  w'ith  the  other  large  train  sheds  of  Europe: 


Train  Shed  of  Station. 

Length. 
Feet. 

Breadth. 
Feet. 

Height. 
Feet. 

Ai-ea  covered. 
Square  feet. 

Frankfort-on-tbe-Main  (3  train  sheds). . . 
Cologne 

600 
837 
430 
550 
663 
620 
705 
656 

184 
292 
194 
199 
210 
198 
243 
190 

93 
79 
89 
112 

"96 
100 
108 

336  340 

238  970 

83  620 

Anhalt  in  Berlin 

109  630 
IIH  210 

103  080 

St.  Pancras,  London 

Cannon  Street,  London 

171  260 
124  870 
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The  cross-section  of  the  train  shed  is  formed  by  three  spans,  a  mid- 
dle span  of  63.9  m.  (209  ft.)  and  two  side  spans  of  13.4  m.  (44  ft.).  The 
height  of  the  middle  part  is  24  m.  (79  ft.);  this  was  made  especially 
low  on  account  of  the  proximity  of  the  cathedral.  The  trusses  of  the 
central  span  are  formed  by  arched  girders  in  pairs,  the  two  in  each 
pair  being  0.8  m.  (2.5  ft.)  ajjart,  and  united  by  both  horizontal  and 
diagonal  braces.  The  ends  of  the  arches  are  hinged  on  jjins,  and  are 
suijported  on  a  narrow  horizontal  bedplate  which  is  restrained  from 
moving  in  a  horizontal  direction. 

The  single  trusses  are  for  the  greatest  part  of  their  length  built  as 
lattice  girders,  but  from  the  ends  to  a  height  of  2  m.  (6.5  ft.)  they  have, 
solid  webs.  The  flanges  have  a  "f  section,  and  to  these  the  double 
diagonals  are  directly  riveted.  Uiiijer  and  lower  flanges  are  symmet- 
rical. The  distance  ajjart  of  the  trusses  is  8.5  m.  (27  ft.)  from  center 
to  center.  The  roof  covering  is  supported  by  iron  purlins  of  a  I  or 
Z  section,  which  rest  on  the  upper  flanges  of  the  trusses.  The 
connecting  joints  are  so  arranged  that  they  transmit  only  vertical 
forces,  the  pttrlins  being  able  to  change  in  length  under  changes  of  tem- 
perature. This  is  efl^ected  by  having  at  every  other  panel  where  the  wind 
bracing  is  connected  a  continuous  purlin  with  projecting  ends  to  which 
the  intermediate  shorter  purlins  are  joined  by  rivets  in  oval  holes. 

The  wind  bracing  consists  of  round  steel  rods  which  carry  the  wind 
pressure  on  any  truss  to  the  masonry  abutments. 

The  trusses  supjjort  a  spandrel  structure  on  each  side,  the  walls 
of  which,  7  m.  above  the  side  spans,  are  glazed  throughotit  their  entire 
extent.  To  light  the  train  shed  more  completely  an  upper  construc- 
tion 35  m.  (115  ft. )  wide  extends  over  the  whole  length  with  the  excep- 
tion of  the  two  end  panels.  This  upper  construction  is  formed  by 
single  small  saddle  roofs  which  extend  at  right  angles  to  the  length  of 
the  shed,  and  by  a  series  of  longitudinal  window  lights  along  the  ridge. 
The  side  surfaces  formed  in  raising  these  above  the  ridge  form  a  ven- 
tilating louvre.  For  the  same  reason  the  covering  above  the  trusses  is 
slightly  raised  above  the  rest  of  the  roof,  so  that  side  openings  are 
formed  where  smoke  and  dust  may  have  exit.  In  total,  the  openings 
for  ventilation  have  an  area  of  1  600  sq.  m.  (17  200  ft.). 

The  ends  of  the  train  shed  are  enclosed  by  framing  attached  to  the 
end  trusses  and  have  ornamented  windows.  The  wind  pressure  acting 
upon  these  ends  is  transferred  downward  to  a  special  girder. 
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The  end  trusses  have  a  breadth  of  4.1  m.  (13.4  ft.),  the  others  being 
only  0.8  m.  (2.5  ft.).  The  end  truss  and  the  two  trusses  next  to  it  are 
at  both  ends  of  the  train  shed,  connected  together  by  continuous  pur- 
lins and  by  diagonal  members,  thus  forming  a  rigid  system,  which  is 
firmly  connected  for  a  length  of  21  m.  (68.8  ft. )  to  the  end  a])utments, 
but  which  is  allowed  motion  on  the  other  four  abutments  under  expan- 
sion from  temperature. 

The  trusses  of  the  side  spans  consist  of  arched  girders,  the  lower 
chord  of  which  is  so  elevated  that  the  pressure  line  in  the  upper  chord 
lander  uniformly  distributed  load  has  the  same  circular  form  as  the 
chord  itself.  Against  unsymmetrical  loads  these  arches  have  a  moment 
of  resistance  amply  sufficient. 

The  roof  covering  is  supported  by  Z  beams.  On  the  crown  of  each 
side  span  there  is  a  longitudinal  louvre  which  serves  both  for  lighting 
and  for  ventilation.     All  the  roof  covering  is  corrugated  iron. 

The  glass  of  the  roof -lights  has  a  thickness  of  6  mm.  (0.24  in.). 
The  glass  plates  extend  the  entire  width  of  the  opening,  the  edges 
lying  upon  galvanized  iron  gutter  plates,  and  are  connected  by  screws 

l^assing  through  ^ — ^ springs  between  them.     In  order  to  avoid 

stresses  in  the  glass,  pieces  of  felt  are  placed  between  it  and  the  springs, 
and  the  felt  is  protected  from  dampness  by  being  wrapped  in  tinfoil. 

At  each  end  of  these  upper  windows  in  the  direction  of  the  length 
of  the  train  shed  is  placed  a  ladder  which,  on  one  side  of  the  building, 
is  connected  with  steps  leading  downward. 

The  erection  of  the  train  shed  was  done  under  difficulties,  since  the 
work  had  to  be  carried  on  without  disturbing  the  movement  of  trains 
and  passengers  on  the  ti*acks  and  i^latforms  below.  For  an  erection 
staging  an  iron  structure  38.85  m.  (127  ft.)  in  span  was  provided  which 
had  three  trusses  5.5  m.  (18  ft.)  apart;  these  were  lirmly  united  by 
diagonal  and  lateral  bracing.  This  staging  was  supported  by  11  pair 
of  wheels  on  a  track  on  each  side,  so  that  it  could  easily  be  moved  in 
the  direction  of  the  length  of  the  building  as  the  work  advanced.  The 
staging  was  so  managed  that  it  did  not  in  any  way  hinder  the  tem- 
porary structures  or  the  erection  of  the  waiting-room  building. 

The  movement  of  the  staging,  whose  weight  was  about  140  tons, 
was  effected  very  simply  by  16  laborers  with  crowbars  on  each  side, 
the  time  x'equired  to  move  it  from  one  trviss  to  the  next,  a  distance  jof 
8.5  m.  (27  ft.),  being  from  45  to  60  minutes. 
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Tlie  total  -weight  of  the  iron-work  of  the  train  shed,  exclusive  of 
corrugated  iron,  is  about  3  130  tons  (6  900  500  lbs.).  This  amounts  to 
160  kg.  per  square  meter  (32.8  lbs.  per  square  foot)  of  floor  area  for  the 
large  span,  and  90  kg.  per  square  meter  (18.40  lbs.  per  square  foot) 
ior  the  side  spans,  the  latter  including  the  iron-work  of  the  side  wall 
on  Maximinen  Street. 

I\.  The  Passengee  Stations  at  West  Cologne  and  South  Cologne. 

The  passenger  stations  at  West  Cologne  and  South  Cologne,  which 
lie  on  the  main  line  to  Bingen,  are  arranged  in  a  similar  way. 

The  station  at  West  Cologne  receives  its  traffic  from  that  part  of 
the  city,  at  present  not  thickly  ijopulated,  and  from  the  large  village 
lEhrenfeld. 

The  station  at  South  Cologne  rej^laces  the  old  station  Pantaleon, 
and  already  has  a  considerable  business,  since  its  location  is  favorable 
ior  the  southern  jiart  of  the  city. 

The  streets  adjacent  to  these  stations  have  their  surfaces  about  5 
ni.  (16.4  ft. )  lower  than  the  tracks.  The  passengers  pass  from  the  front 
of  the  station  into  the  entrance  hall  on  the  same  level,  in  which  are 
iound  the  ticket  office,  baggage-room  and  toilet  arrangements.  A 
flight  of  stejis,  3  m.  (9.8  ft.)  in  width,  leads  to  the  platform  between 
the  main  tracks,  which,  for  a  distance  of  400  m.  (1  312  ft.),  are  spread 
14  m.  (46  ft.)  apart  for  this  purj^ose.  At  the  south  end  of  this  plat- 
form is  a  small  waiting-house,  and  at  the  other  end  of  the  train  shed  is 
a,  narrow  office  for  the  station-men.  This  platform  and  the  tracks  are 
covered  by  an  arched  train  shed  of  19.5  m.  (63  ft.)  span  and  60  m.  (197 
ft.)  length,  the  sides  of  which  are  formed  of  iron  columns  walled  in 
between  with  brick. 

Y.  The  Teafeic  Station. 

The  traffic  station  lies  at  the  junction  of  the  lines  to  Aix-la-Chapelle 
and  Bingen.  Its  jarincijial  use  is  for  storing  empty  cars,  and  it  is  con- 
nected with  the  main  station  by  two  tracks.  Besides  the  tracks  for 
empty  cars,  the  traffic  station  includes  the  following: 

First. — A  car  shed  for  cleaning  the  empty  cars. 

Second. — A  shed  for  free  and  customs  fast  freight. 
,   Third. — The  place  for  transferring  the  through  mails. 

Fourth. — A  round-house  for  passenger  locomotives. 
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The  car  shed  is  about  125  m.  (410  ft.)  long,  and  has  four  tracks 
placed  4.7  ni.  (15.4  ft.)  a^iart  upon  Avhich  cars  are  stored  and  cleaned. 
The  walls  are  formed  of  iron  hraeings. 

The  freight  shed  has  one  part  for  free  and  another  for  customs 
fi-eight.  That  for  the  free,  or  non-dutiable,  freight  has  Tinloading 
scaftblds  shaped  like  saw  teeth  in  i)lau,  so  that  on  each  diagonal  face 
three  cars  can  be  handled.  In  front  of  the  shed  are  four  such  scaifolds 
or  platforms;  moreover,  in  the  rear  of  the  shed  are  several  others  roofed 
over.  Bv  this  arrangement  the  cars  by  the  side  of  any  given  scaffold 
can  be  easily  and  quickly  taken  away  by  a  locomotive  without  disturb- 
ing the  other  cars  in  front  of  the  shed.  This  arrangement  has  jjroved 
to  be  an  excellent  one.  The  shed  itself  is  built  of  wood;  all  the  saw- 
tooth-shaiJed  scaffolds  are  covered  by  the  projecting  roof.  The 
neighboring  shed  for  fast  freight  matter  is  accessible  by  a  turn-table. 
At  the  end  of  this  structure  is  an  office  building  for  those  who  have 
the  conduct  of  this  business. 

The  ground  around  the  freight  shed  is  connected  with  the  neigh- 
boring streets  of  the  city  by  an  a])proach  having  a  grade  of  1  in  30. 

The  location  for  the  handling  of  the  mails  is  connected  with  the 
traffic  station  by  a  bridge  over  the  west-bound  freight  tracks.  The 
arriving  postal  cars  are  run  ujjon  a  track  over  this  bridge  from  which 
they  are  brought  to  the  special  jjlatforms  where  the  mail  matter  is 
transferred  into  different  cars  for  different  directions. 

The  locomotive  round-house  has  room  for  36  locomotives,  and  is 
Teached  by  two  turn-tables.  The  rear  semi-circular  wall  is  of  brick, 
while  the  front  columns,  the  doors  and  the  roof  consist  of  iron.  The 
^uj^plies  of  coal  for  the  passenger  locomotives  are  brought  by  small 
coal  cars  (so-called  '•  dogs  ")  which  are  lifted  up  by  a  crane  and  dumped 
into  the  tender. 

VI.   The  Freight  and  Switching  Station  Gekeon. 

[a)  The  Freight  Yards. — The  Station  Gereon  serves  in  part  for  the 
through  and  in  part  for  the  local  tratlic,  but  the  former  is  l)y  far  the 
more  extensive. 

About  70  freight  trains  arrive  and  depart  every  day.  Almost  all  ar- 
riving trains  must  be  made  up  again,  and  hence  much  switching  is 
necessary. 

The  main  freight  line,  Avhich  departs  toward  the  north  and  west 
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after  traveling  out  from  the  soutli-bound  line,  divides  the  Station 
Gereon  into  two  parts.  This  is  not  a  good  solution  of  the  problem, 
but  it  was  demanded  by  the  local  circumstances. 

In  consequence  of  this  division  of  the  freight  station,  it  was  thought 
best  to  use  the  tracks  south  of  the  main  line  for  the  trains 
toward  Aix-la-Chapelle  and  for  the  local  traffic,  and  those  lying 
north  of  the  main  line  for  the  trains  toward  the  south  and  for  the 
traffic  on  the  right  bank  of  the  Rhine.  Thus  the  trains  when  made 
U13  can  move  from  their  sidings  without  crossing  the  main  tracks. 

Moreover,  on  the  north  side  of  the  main  tracks  there  is  another 
track  tor  cars  for  South  Cologne,  the  harbor  and  other  local  jioints. 

The  tracks  for  dei3ai"ting  trains  are  laid  opposite  to  the  west  station. 
For  trains  toward  Bingen  and  Trier  there  are  three  tracks,  and  for 
those  toward  Aix-la-Chapelle  and  Deutz  there  are  two  tracks  alongside 
the  main  line.  Moreover,  there  is  a  special  track  provided  for  trains 
leaving  for  Deutz.  In  general,  arriving  freight  trains  use  the  same 
tracks  as  those  leaving. 

At  the  front  end  of  the  tracks  for  departing  trains  there  is  an 
elevation  of  0.5  m.  (1.64  ft.),  which  is  reached  by  a  1%  grade  in 
50  m.  distance,  the  grade  on  the  other  side  being  2  per  cent.  This 
elevation  is  necessary  in  order  that  the  cars  may  be  easily  uncoupled. 
The  cars  are  not  pushed  oflf  with  a  shock,  but  the  train  is  brought  into 
uniform  velocity,  and  the  cars  move  oflf  in  a  corresponding  manner. 
The  velocity  with  which  a  train  can  be  thus  broken  up  dejjends  iij^on 
the  intervals  in  which  the  cars  are  detached.  This  interval  must  be 
so  large  that  two  cars  which  have  the  fiirthest  distance  to  run,  and 
which  are  to  be  switched  ujjou  diflferent  sidings,  may  be  sufficiently  far 
apart  at  the  end  of  that  distance  so  that  the  last  switch  may  be  easily 
thrown  between  them. 

But  since  loaded  cars  move  faster  than  empty  ones,  and,  on  the  other 
hand,  many  cars  move  slowly  on  account  of  some  defect  (insufficient 
oiling,  wear  of  axles,  etc.),  attention  must  be  given  to  this,  and  the 
velocity  with  which  the  cars  are  moved  out  must  be  regulated  accord- 
ingly. In  the  construction  of  switching  tracks  of  this  kind  the  dis- 
tance which  two  cars  have  to  run  before  being  switched  upon  their 
respective  sidings  should  be  as  small  as  possible. 

At  the  Station  Gereon  it  is  possible  during  24  hours  to  run  out 
aboiit  4  000  cars  from  one  of  these  gravity  tracks.     However,  a  few 


'J 
1 


LOUSE  ON  BAILUOAD  TKACKS  AND  STATIONS,  COLOGNE.   1^89 

horses  are  always  iisoil  to  assist  in  accelerating  the  movement  of  the 
slowest  cars,  although  the  grailes  in  general  are  very  well  arranged. 
The  summit  of  these  grades  lies  3. GO  m.  (11.8  ft.)  higher  than  the 
ends  of  the  tracks,  as  these  are  in  the  public  loading  street  and  the 
freight  shed  is  on  the  level  of  the  neighboring  streets.  This  differ- 
ence in  elevation  is,  with  the  exception  of  the  grade  of  2"o  in 
50  ni.  distance,  overcome  by  a  grade  of  1  in  200  in  the  switching  yards 
and  curves,  and  by  a  grade  of  1  iu  500  through  the  rest  of  the  station. 
In  order  to  arrange  the  cars  of  a  train  iu  the  order  of  the  several 
stations,  a  number  of  short  tracks  are  jjlaeed  on  each  side  of  the  yard. 

The  switches  are  mostly  operated  from  elevated  switch  houses,  one 
of  which  has  as  many  as  15  levers.  Such  a  number  must  be  regarded 
in  busy  times  as  extraordinarily  large  for  one  man  to  attend.  This 
switchman  sees  the  number  of  the  track  written  upon  the  buffer  of  the 
car,  and  thus  knows  which  lever  is  to  be  turned.  In  order  that 
switches  which  are  far  distant  from  the  switch  house  shall  not  be 
reversed  in  case  a  car  is  upon  the  switch  rails,  sjjecial  pressure  rails  are 
provided  which  prevent  it.  The  cars  are  brought  to  a  standstill  by 
means  of  wheel  skids,  which  are  made  very  strong,  since  the  wheel, 
held  fast  by  the  skid,  often  slides  along  on  the  rail  a  distance  of  10  to 
15  m.  (33  to  49  ft.). 

Besides  the  two  main  freight  tracks  and  the  tracks  for  sorting, 
there  are  also  two  tracks  for  the  movement  of  locomotives.  Between 
the  locomotive  tracks  and  the  main  tracks,  on  the  northeast  side  of 
the  station,  is  the  siding  for  the  cars  which  carry  supplies  about  the 
station.  The  tracks  for  the  locomotives  are  extended  beneath  the  main 
line  toward  Bingen  and  under  a  part  of  the  traflBc  station,  terminating 
in  a  round-house,  having  room  for  30  freight  locomotives. 

The  arrangement  of  this  round-house  is  similar  to  that  at  the 
traffic  station.  The  locomotives  are  furnished  with  coal  from  the 
elevated  coaling  bins  at  the  traffic  station,  the  coal  cars  arriving  at  the 
traffic  station  being  dumped  into  smaller  coal  cars  standing  on  a  level 
1.5  m.  (4.9  ft.)  lower.  These  small  coal  cars,  each  containing  a  definite 
quantity  of  coal,  are,  by  tijjping,  dumped  directly  into  the  tenders. 

The  locomotives  are  sujjplied  with  water  from  the  city  water  works. 
However,  in  order  that  the  supi^ly  may  not  fail  in  case  of  an  accident 
to  the  city  works,  a  tower  has  been  built  near  the  round-hoiises.  This 
tower  suijjjorts  a  reservoir,  built  according  to  the  system  of  Professor 
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Intze,  of  Aix-la-Chapelle,  which  contains  600  cu.  m.,  and  which  is  placed 
at  such  a  height  that  the  locomotives  of  the  high  elevated  i^assenger 
round-house  can  also  be  readily  supplied  with  water.  The  reservoir- 
has  not  been  encased  to  protect  it  against  frost,  since  there  is  no  danger 
of  freezing  when  in  continual  use. 

A  repair  shop  for  the  locomotives  is  situated  near  this  round-house,, 
but  extensive  repairs  are  made  in  one  of  the  main  shops  of  Cologne. 
For  the  smaller  rejiairs  of  the  cars  a  workshop  is  situated  at  the  end 
of  the  switching  tracks. 

(h)  The  Local  Freight  Business. — All  the  freight  in  less  than  carload 
lots  which  arrives  at  the  Station  Gereon  is  unloaded,  and  this  is  done 
in  the  main  freight  shed. 

In  the  year  1889  the  local  freight  received  at  Gereon  averaged  168 
tons,  and  that  shipped  184  tons,  while  162  tons  were  transferred  at  the 
freight  shed.  From  these  numbers  it  is  to  be  seen  that  arrangements 
had  to  be  made,  to  accommodate  many  cars  in  the  shed.  For  this  pur- 
pose there  was  erected  in  front  of  the  shed  a  system  of  turn-tables, 
which  lead  to  the  loading  platforms.  On  each  side  of  these  platforms 
two  cars  can  be  handled  simultaneously.  The  shed  has  a  length  of 
200  m.  (655  ft.)  and  a  breadth  of  40m.  (131  ft.).  In  total,  48  cars  can  be 
loaded  or  unloaded  at  the  same  time.  The  shed  was  made  extraordin- 
arily wide  in  order  that  freight  which  was  to  be  unloaded  in  special 
places  should  not  have  to  move  too  long  distances.  The  shed  has  solid 
walls  and  a  high  roof,  covered  Avith  a  double  thickness  of  roofing  felt; 
it  is  lighted  throughout  along  the  ridge  and  also  on  each  side  by  gable 
windows  between  each  pair  of  trusses.  Adjoining  is  the  shed  for 
customs  freight,  which  is  similarly  constructed,  and  has  room  for 
loading  and  unloading  10  cars  in  a  similar  way. 

Freight  particularly  liable  to  take  fire  is  stored  in  a  special  shed  in 
the  neighborhood  of  Erft  Street,  which  is  built  entirely  of  iron  and         #. 
corrugated  metal. 

To  accommodate  the  public,  a  number  of  so-called  loading  streets 
are  provided.  The  tracks  on  these  are  sej^arated  14.5  m.  (47.6  ft.) 
ai^art.     In  total,  about  220  cars  can  be  loaded  or  unloaded. 

On  Erft  Street  there  are  also  cattle  pens,  but  these  are  unimport- 
ant in  comparison  with  those  now  being  built  by  the  city  of  Cologne. 

The  outdoor  lighting  of  the  Station  Gereon  is  for  the  most  part 
by  electric  lights,  while  the  offices  and  sheds  are  lighted  by  gas.  Since 
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the  pvinciiial  work  of  making  up  trains  is  done  at  niglit,  care  has  been 
taken  to  provide  sufficient  light. 

YII.  The  Fkeight  Station,  South  Cologne. 

The  freight  station  at  South  Cologne  is  served  by  a  special  track 
from  the  Station  Gereon,  but  a  connection  with  the  main  track  is 
wanting.  For  this  reason  small  articles  of  freight  are  not  sent  directly 
to  South  Cologne,  although  such  are  received  in  the  freight  shed  there. 
The  principal  business  at  this  station  consists  in  unloading  carloads  of 
freight.  On  the  loading  streets  there  are  tracks  on  both  sides,  14  m. 
(46  ft. )  apart,  so  that  160  cars  can  be  loaded  and  unloaded  at  the  same 
time.  The  station  is  connected  with  the  neighboring  streets,  whose 
surfaces  are  4  m.  (13  ft.)  deeper,  by  approaches  having  grades  of  1 
in  30. 

YIII.  The  Steeet-Ceossings. 

The  iron  structures  of  the  street-crossings  are  jjai-tly  of  arched 
trusses  and  partly  of  i)late  girders.  With  the  jilate  girders  continuous 
spans  are  avoided.  Girders  with  projecting  ends,  which  support  a 
central  span,  are  preferred.  The  joints  where  the  independent  span 
rests  upon  the  projecting  end  are  so  constructed  that  only  very  slight 
bending  moments  can  be  transferred.  In  the  computation  of  the 
arched  trusses  they  are  regarded  as  having  hinges  at  the  crown  and  at 
the  springing  lines,  but  the  hinge  is  not  actually  inserted  at  the  crown, 
although  it  has  been  the  aim  to  arrange  the  connection  and  the  splice 
jilate  so  that  a  hinge  action  may  exist.  To  secure  a  thick  floor,  buckle 
plates  were  used.  In  the  middle  of  the  buckle  plates  is  a  hole,  by 
which  the  drainage  is  led  to  a  gutter.  The  buckle  plates  are  cov- 
ered by  a  layer  of  gravel  about  0.3  m.  (1  ft.)  thick,  and  upon  this 
the  iron  crossties  which  supi^ort  the  rails  are  laid. 

In  order  to  secure  good  light,  the  masonry  walls  are  mostly  faced 
with  white  porcelain  tiles. 

The  span  of  the  structure  across  main  streets  is  20  m.  (65. .5  ft.), 
while  for  less  important  streets  it  is  15  m.  (49  ft.). 

IX.  Construction. 

As  already  mentioned,  the  general  plan  for  the  reconstruction  of 
the  railroads  in  Cologne  was  in  1883  so  far  developed  that  in  that  year 
the  Prussian  House  of  Deputies  appropriated  the  sum  of  24  500  000 
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marks  (85  900  000)  for  its  execution.  After  the  greater  part  of  the  real 
estate  had  been  ijurchased,  in  1885,  construction  was  begun  on  that 
jjart  of  the  work  which  was  not  connected  with  the  old  tracks  and 
stations.  In  particular  this  included  that  part  of  the  roadbed  and  the 
street-crossings  along  by  the  new  ramparts.  At  the  same  time  the 
tracks  in  the  old  part  of  the  city  were  so  moved  that  half  of  the  ele- 
vated structure  for  the  new  tracks  could  be  built.  In  this  way  it  was 
possible,  by  the  use  of  several  temporary  tracks,  to  bring  into  service 
two  elevated  tracks.  First,  the  trains  for  the  right  bank  of  the 
Khine  and  those  for  Aix-la-Chapelle  and  Crefeld  were  brought  upon 
these  tracks,  while  those  for  the  lines  to  Coblenz  and  Trier  continued 
to  run  on  the  old  roadbed.  After  a  short  time  it  was  possible  to  bring 
these,  also,  upon  the  new  elevated  tracks  and  into  the  new  station 
The  entire  ticket  and  baggage  business  was  transferred  temjiorarily  to 
rooms  under  the  elevated  structure  on  Maximinen  Street;  waiting-rooms 
and  ofl&ces  for  trainmen  were  temporarily  jout  n-p,  so  that  the  old 
reception  building  could  be  torn  down  and  the  erection  of  the  new 
one  be  carried  on.  The  corner-stone  of  the  new  reception  building 
was  laid  May  7th,  1892. 

Meanwhile  the  new  Station  Gereon  was  built  by  additions  to  the 
old  building,  and  brought  into  service  ;  but  the  traffic  and  the  small 
freight  still  remained  at  the  old  station.  In  this  manner  every  foot  of 
ground  which  was  taken  from  the  old  system  had  been  ijreviously 
replaced  by  the  new  system,  so  that  the  entire  construction  was  carried 
on  stej)  by  step  and  in  systematic  order. 

In  the  year  1892  there  was  appropriated  7  400  000  marks  (SI  700  OOOj 
additional,  for  extensions  unforeseen  in  the  original  plans,  so  that  the 
eutii-e  probable  cost  is  31  900  000  marks  (about  §7  600  000),  divided  as 
follows  : 

Marks. 

Eeal  estate 11  000  000 

Earthwork  and  elevated  tracks 2  000  000 

Bridges  and  street-crossings 4  500  000 

Buildings 10  000  000 

Superintendence 1  000  000 

and  BO  forth. 

At  present  the  construction  is  so  far  advanced  that  the  completion  of 
the  entire  work  may  be  reasonably  expected  by  the  close  of  the  year  1894. 
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The  oxecutiou  of  the  jjhius  ami  the  construction  of  the  new  system 
Avas  first  done  hy  the  Royal  Railroad  Board  of  Cologne  (left  bank  of 
Rhine),  under  thedirection  of  Ober-Bau  und  Geheimer  Regieruugs- 
rath  Dirckseu,  so  long  as  the  work  made  but  few  encroachments  upon 
the  old  system.  But  as  continual  changes  in  the  movement  of  trains 
were  demanded,  in  order  to  facilitate  the  construction,  the  further 
development  of  the  plans  and  the  conduct  of  the  work  was  trans- 
ferred to  the  TraflSc  Office  Cologne-Duren,  the  General  Manager  of 
which  is  Regierungs  und  Baurath  Blauck.  At  present  Regierungs  und 
Baurath  Wessel  has  the  direction  of  the  work,  while  the  Biireau 
of  Architecture  is  in  charge  of  Bau-lnsj^ector  Weithmann,  and 
that  of  Engineering  Construction  in  charge  of  Bau  und  Betriebs- 
Inspector  Lohse.  Among  different  engineers  who  have  been  engaged 
on  designs  and  construction  should  be  especially  mentioned  the 
Division  Engineers  Kiel  and  Baltzer. 

The  plans  for  the  reception  building  of  the  main  passenger  station 
■were  made  by  Professor  Frentzen,  of  Aix-la-Chapelle,  while  those  of  the 
waiting-room  building  and  the  train  shed  are  due  to  Professor  Jacobs- 
thai,  of  Berlin.  The  latter  has  also  been  emjjloyed  on  many  other 
problems  of  an  architectural  kind. 

Explanation  of  the  Moke  Important  German  Words  on  the  Plates 
Plate  I. 

Haupt-Personenbahnhof Main  Passenger  Station. 

Dom Cathedral. 

Rheinbrlicke Rhine  Bridge. 

Betriebsbahnhof Trafiic   Station   (auxiliary    yard    to 

Passenger  Station. 
Haui^t,  Giiter  und  Verschiebe- 

bahnhof Main  Freight  and  Switching  Station. 

Personen  Haltestelle Local-  Passenger  Station. 

Plate  II. 

Eingangs-Halle Entrance  Hall. 

Fahrkarten-Schatter Ticket  Office. 

Gepiick-Halle Baggage  Hall. 

Gepack-Annahme Outward  Baggage  Office. 

Gepack-Ausgabe Inward  Baggage  Office. 

Ausgangs-Halle Exit  Hall. 
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Plate  III. 

Wai-tesaal Waiting-Eoom. 

Speisesaal Dining-Koom. 

Damenzimmer Ladies'  Koom. 

Fiirstenzimmer Royal  Waiting-Eoom. 

Stations-Vorsteher Station  Master. 

^tort Toilet-Eooms. 

Lichtlio Light  Well. 

Obergeschoss Upper  Story. 

Gleis Track. 
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THE  REARRANGEMENT  OF  THE  RAILWAY  TERMI- 
NAL SY^STEM  AT  ALTONA,  WITH  SPECIAL 
REFERENCE  TO  THE  AVOIDANCE 
OF  GRADE  CROSSINGS. 


By  R.  Caesak,  Eegiertings  unci  Baixratli,  Member  of  the  Eoyal  Board 
of  Railroad  Directors  at  Altona,  Prussia. 


Translated  from  the  German  bv  Wm.  H.  Seables,  M.  Am.  Soe.  C.  E. 


Prepared   for  the  International    Engineering    Congress    of  the 
Columbian  Exposition,  1893. 


The  two  cities  of  Hamburg  and  Altona,  which  nnitedly  have  about 
750  000  inhabitants,  are  built  up  so  nearly  together  that  it  is  impossible 
to  tell  where  one  city  ends  and  the  other  begins  (Plate  II,  Fig.  C).  From 
a  commercial  standjioint  they  are  therefore  to  be  regarded  as  one  city. 

In  the  plans  for  the  reconstruction  of  the  railway  terminal  system 
and  the  line  connecting  the  two  cities,  which  no  longer  met  the 
requirements  of  the  times,  it  was  determined  to  take  the  trains  entering 
Hamburg  from  the  directions  of  Llibeck,  Berlin,  Hanover,  Bremen  and 
Cuxhafen  further  on  over  the  four  tracks  of  the  Connecting  Railway, 
and  let  them  stop  at  the  Altona  Terminal.     In  this  manner  it  became 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneoufly  iu  the  number  for  December,  1893. 
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possible  to  distribute  the  passengers  at  the  various  (iei:)ots  of  the  Con 
necting  EailM-av,  to  discharge  them  as  near  as  possible  to  theii-  dwell- 
ings, and  to  relieve  the  main  station  of  a  portion  of  the  traffic.  On  the 
other  hand,  trains  coming  from  the  north,  that  is,  from  Gliickstadt, 
Flensburg  and  Kiel,  and  running  into  the  Altona  Depot,  Tvill  be  carried 
for  the  very  same  reason  over  the  Connecting  Kail  way  to  the  main 
station  of  Hamburg.  All  through  trains,  as  well  as  the  suburban 
trains  from  the  above-mentioned  lines,  are  to  use,  on  the  Connecting 
Railway,  the  two  south  tracks,  while  the  two  other  tracks  serve  exclu- 
sively for  the  city  traffic,  and  for  the  Blankenese  traffic  therewith  con- 
nected. 

The  depot  of  Altona  is  therefore: 

1.  In  regard  to  through  traffic — 

a.  The  terminal  depot  for  the  lines  entering  from  the  direction  of 

Hamburg. 

b.  A  through  station  for  the  northern  traffic. 

2.  Regarding  the  city  traffic  it  is — 

a.  Terminal  station  for  the  purely  city  trains. 

b.  A  through  station  for  the  trains  running  between  Blankenese 

(a  suburb)  and  Hamburg. 
Since  the  main  station  at  Altona,  for  local  reasons,  had  to  remain 
a  head,  or  i^ocket,  station,  there  resulted,  through  the  chosen  arrange- 
ment and  the  before-mentioned  conditions  of  trade,  a  large  number  of 
grade  crossings  of  tracks.  These  were  considerably  increased  by  the 
fact  that  on  the  northern  tracks,  outside  of  the  passenger  dej^ot  of 
Altona,  a  SAvitchyard  had  to  tje  established,  at  which  all  the  freight 
trains  of  the  various  lines  terminate  and  begin  their  course;  and  that 
from  the  same,  therefore,  there  had  to  be  established  the  following 
independent  connections  (Plate  I) : 

a.  In  the  direction  of  Hamburg  with  the  through  tracks  of  the 

Connecting  Railway,  which,  at  the  same  time,  serve  as  freight 
train  tracks  {A,  B,  C,  on  Plate  I).' 

b.  In  the  direction  of  Altona  and  its  harbor,  with  the  local  station 

of  Altona  and  the  harbor  tracks  [A,  B,  E,  F,  on  the  -plaXe). 

c.  In  the  direction  of  Blankenese  with  the  Blankenese  passenger 

train  tracks  (O,  H,  on  the  plate). 

d.  In  the  northerly  direction  with  the  main  tracks  of  the  northern 

line  (/,  K,  on  the  jjlate). 
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Fig.  B,  Plato  II,  shows,  iu  an  exaggerated  plan,  what  woiihl  have 
arisen  had  all  the  grade  erossings  been  retained.  If  we  follow  partic- 
ularly the  course  of  the  i)assenger  trains,  it  apjiears  that  the  number 
of  crossings  with  main  passenger  and  freight  tracks  would  be: 

I. — For  each  train  on  the  tracks  set  apart  for  city  traffic — 

1.  From  Hamburg,  via  Altoua,  to  Blankenese — 

At  point  E  of  the  sketch  B 2 

C      "  "  3 

"  D     "  "  1 

Total 6 

2.  From  Blankenese,  via  Altona,  to  Hamburg — 

At  point  D  of  the  sketch 1 

C      "  "      3 

"  E      "  "      2 

Total 6 

II. — For  each  through  train  on  the  southern  tracks — 

1.  From  Hambiirg,  via  Altona,  to  the  North — 

At  point  E  of  the  sketch. . 1 

C  "  3  +  3  =  6 

"  B  "  2 

Total 9 

2.  From  the  North,  via  Altona,  to  Hamburg — 

At  i^oint  A  of  the  sketch 1 

B  "  2 

"  C  "  3  +  1  =  4 

Total 7 

Now,  the  train  traffic  upon  both  jjassenger  and  freight  tracks, 
immediately  u^jon  comj^letion  of  the  plan,  will  probably  amoijnt  to — 

A.  Passenger  trains  iu  both  directions  together — 

a.  Upon  the  Hamburg  through  tracks 200  trains. 

City  tracks 200     " 

b.  Upon  the  Blankenese  tracks 100     " 

c.  Upon  the  Northern  tracks 80     " 

B.  Freight  trains  to  and  from  the  switchyard  at  Langenfelde — 

a.  Towards  Hamburg 40  trains. 

b.  Towards  Altona  Harbor 40      " 

c.  Toward  Blankenese 10      " 
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In  addition  to  tMs,  a  considerable  increase  of  traffic  is  cei-tainly  to 
be  expected.  Under  these  circumstances,  to  retain  even  a  part  of  the 
above  crossings  appeared  hazardous  to  the  regularity  and  safety  of  the 
traffic.  There  was,  therefore,  an  arrangement  of  tracks  planned,  such 
as  is  i^resented  in  Plate  I.  Owing  to  the  great  extension  of  the  design, 
the  lengths  are  drawn  to  one-half  scale  compared  with  the  width,  and 
the  drawing  therefore  ajjpears  distorted.  The  course  of  the  several 
trains  is  indicated  by  various  kinds  of  marks. 

As  may  already  be  seen  from  the  above,  it  was  adhered  to  as  a  prin- 
ciple in  the  project  that  crossings  at  grade  of  two  i^assenger  tracks,  as 
well  as  of  a  passenger  and  a  freight  track,  should  be  avoided.  The 
carrying  out  of  this  principle  was  everywhere  successful  excepting  the 
point  where  the  freight  track,  leading  from  Langenfelde  to  Bahrenfeld, 
crosses  over  into  the  two  Blankenese  main  tracks.  This  point  lies, 
however,  just  at  the  Bahrenfeld  Depot,  and  these  level  crossings  did 
not  appear  hazardous  in  view  of  the  infrequency  of  the  freight  trains — 
only  five  in  each  direction. 

For  the  attainment  of  the  before-mentioned  object  the  preparation 
of  five,  in  part  very  comprehensive,  structures  was  necessary  (see  Nos. 
1  to  5,  Plate  I).  Furthermore,  the  switchyard  of  Langenfelde  had 
to  be  placed  between  the  two  northern  tracks.  From  the  drawing  the 
arrangement  of  the  tracks  may  be  sufficiently  understood,  and  it  is 
only  necessary  to  remark,  that  in  deviation  from  the  usual  rule,  trains 
on  the  city  tracks  from  Structure  5  to  Altona  DejDot,  and  upon  the 
northward  tracks  between  Structure  1  and  the  Altona  Depot,  will  run 
on  the  left  side  track. 

The  location  of  the  side  and  storage  tracks  for  passenger  trains 
between  the  through  tracks — -and,  indeed,  between  the  tracks  from 
Hamburg  and  to  the  north  on  one  hand,  and  the  tracks  from  the  north 
and  to  Hamburg  on  the  other  hand — further  contributes  essentially  to 
the  obviation  of  grade  crossings  that  would  occur  in  hauling  and 
and  removing  em^ity  trains  to  and  from  the  six  platform  tracks,  and 
increases  materially  the  working  caj^acity  of  the  improvement.  The 
difficulty  of  the  project  was  essentially  increased  by  the  fact  that  all 
street  crossings  at  grade  had  also  to  be  abolished,  and  replaced  by 
over  and  under  crossings. 

The  project  is  in  course  of  construction  and  is  about  half  finished. 
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COMMOX    ROADS,     RAILWAYS    AND    RIVER 
COMMUNICATIONS    IN    PORTUGAL. 


Bv  Fkederico  Augusto  Pimextal,  Civil  Engineer,  of  Lisbon,  Portugal. 


Prepared  for  the  International  Engineering  Congress  of  tlie 
Columbian  Exposition,  1893. 


COMMON  KOADS. 


Common  roads  or  highways  are  classified  under  the  following  heads  : 
First-class  or  royal  roads,  second-class  or  district  roads,  and  third-class 
or  municipal  roads.  First-class  roads  connect  Lisbon  with  the  chief 
towns  of  the  districts  and  with  the  princiiJal  places  on  the  frontier. 
Second-class  roads  connect  the  above  named  and  the  cities  and 
principal  towns  either  with  each  other  or  with  the  railway  stations 
and  river  ports;  and  lastly,  those  of  the  third  class  join  the  townships 
or  concelhos  with  each  other  or  with  the  preceding  roads.  The  con- 
tinental part  of  Portugal  is  divided  into  administrative  districts,  and 
these  into  townships  or  concelhos. 

Note. — Disciissions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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The  following  table  shows  the  total   and  mean  population  of  each 
district  on  the  Continent,  and  its  area  in  square  kilometers: 


Names  of  Distbicts. 

Number    of 

townships   or 

concelhos. 

Area 
in  square 
kilometers. 

Popul.ition. 

Density  of  pop- 
ulation    per 
square      kilo- 
meter. 

16 
14 
13 
12 
12 
17 
13 
15 
14 
12 
27 
15 
18 
18 
10 
14 
26 

2  908.61 
10  871.28 

2  738.20 
6  669.33 

6  621.03 

3  883.10 

7  087  83 

4  849.95 

5  556.63 

3  478.15 
7  049.30 

6  431.01 
2  292.07 
6  861.86 
2  243  44 

4  447.23 
4  922.25 

290  026 
165  528 
360  151 
189  592 
208  836 
324  330 
121 134 
229  132 
266  225 
222  075 
613  956 
1)5  546 
552  865 
258  888 
215  518 
239  695 
404  203 

99.71 

Beja 

15.04 

131.52 

28.27 

31.54 

Hi.52 

Evora 

17.09 

Faro   

47.24 

47  91 

Leiria 

63.82 
87.11 

17.97 

241.21 

37.72 

Viauna  do  Castello 

Villa  Real 

96.04 
53.89 

82.31 

266 

88  911.27 

4  774  700 

53.70 

The  city  of  Lisbon  has  307  691  inhabitants,  and  Oporto,  141  924. 
It  was  about  1852  that  the  road  system  began  to  have  greater 
development,  and  since  that  period  to  July  30th,  1892,  8  427  km.  of 
royal  and  district  roads,  and  nearly  2  850  km.  of  municii^al  roads,  have 
been  constructed. 

The  length  of  royal  and  district  roads  in  the  different  administra- 
tive districts  is  shown  in  the  table  on  the  next  page,  in  comparison  with 
their  area  and  pojjulation. 

The  length  of  the  first  and  second  class  roads  in  meters  is  reckoned 
to  be  18  426  791;  7  690  632  m.  being  first-class,  and  10  736 158  m.  second- 
class,  roads.  The  normal  width  of  the  first-class  roads  is  6.6  m.,  4.4m. 
being  for  carriage-way  and  2.2  m.  for  bermes;  and  the  width  of  second- 
class  roads  is  6  m.,  4  m.  being  for  carriage-way  and  2  m.  for  bermes. 
These  dimensions  may  be  enlarged  in  the  vicinity  of  great  centers  or 
marts,  and  close  to  much-frequented  railway  stations.  The  maxi- 
mum gi-adient  allowed  for  first  and  second  class  roads  is  5%,  and 
the  maximum  radius  of  junction  curves,  30  m.  The  width  of 
third-class  or  municipal  roads  is  5  m.,  3.5  m.  being  for  carriage-way 
and  1.5  m.  for  bermes  or  footpaths.  The  maximum  slope  allowed  is 
7%,  and  10  m.  the  maximum  radius  for  junction  curves. 
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The  cost  of  construction  and  maintenance  of  first  and  second 
class  roads  is  defrayed  by  the  State,  and  to  the  account  of  the  munici- 
palities belongs  that  of  municipal  roads,  the  State  contributing  one- 
thLrd  of  the  amount  to  be  expended,  in  a  strict  sense,  in  their  con- 
struction. The  corporations  collect  special  revenues  for  municipal 
roads. 


Length  of  Boads  In  Meters. 

N.\MES  OF  Districts. 

First  and  second 

class  roads. 

Total. 

For  each  square 
kilometer. 

Per  1  000 
iDbabitants. 

537  895 
364  419 
610  927 
366  698 
561  093 
639  909 
413  444 
363  179 
501  598 
451  010 
1  294  149 
410  487 
670  448 
573  442 
388  821 
404  338 
515  447 

184.90 
33.60 

223.10 
54.98 
84.70 

16i.79 
58.33 
74.80 
92.07 

129.00 

292.50 
63.82 

292.50 
83.50 

173.30 
80.90 

104.70 

1854.60 

Beja 

2  228.48 

1  697.00 

1  933.50 

Castello   Branco 

Coimbra 

2  686.70 
1973.00 

3  413.11 

1585.10 

1  884.09 

1  296.98 

1212.40 

3  552.58 

Oporto 

Santarem 

1  212.40 

2  215.00 
1  808.40 

Villa  Real 

1684.70 

Vizeu 

1  250.50 

9  067  304 

94.78 

1  165.01 

EATLWAYS. 

On  December  31st,  1891,  there  were  2  283.274  km.  of  working 
railways,  2  088.653  km.  being  broad-gauge  and  194.621  km.  narrow- 
gauge. 

The  length  of  broad-gauge  lines  under  construction  was  176.675 
km. 

Of  the  length  of  railways  open  for  traffic,  1  467.960  km.  were  worked 
and  managed  by  companies,  and  815.314  km.  by  the  State. 

The  lines  worked  by  companies  are  divided  as  follows  : 

BROAD-G-IUGE    LINES. 
The  Eoyal  Company  of  PoRxrauESE  Railways. 

Kilometers. 

Lisbon  by  Elvas  to  the  frontier 275.599 

Entroncamento  to  Oporto 228.873 

Carried  forward 504.472 


302     PBIENTAL  ON  EOADS,  RAILWAYS,  ETC.,  IN  PORTUGAL. 

KilometerB. 

Brought  forward 504.472 

Caceres  branch  line 71.849 

Lisbon  to  Cintra 27.375 

Lisbon  (Cacem)  to  Torres  Vedras 45.300 

Torres  to  Figneira 151.495 

Alfarellos  branch  line 16. 516 

Circuit  or  Circumvallation  line 12.856 

Lisbon  to  Cascaes 23.525 

Coimbra  branch  line 1. 700 

Beira  Baixa  line 166.000 

Total 1  021.088 

The  Beiea  Alta  Company. 

Kilometers. 

Figueira  da  Foz  to  Villar  Formoso 252.251 

NARROW-GAUGE  LINES. 
Opobto  to  Povoa  and  Villa  Nova  de  Famalicao  Railway  Company. 

Kilometers. 

Oporto  to  Famalicao 57. 257 

The  Bougado  and  Gxumakaes  Railway  Company. 

Bougado  to  Guimaraes 33.135 

The  NATiONAii  Company. 

Foz  do  Tua  to  Mirandella 54.679 

Vizeu  branch  line , 49.550 

Total 104.229 

Lines  Worked  and  Constructed  by  the  State. 

BROAD-GAUGE. 

Kilometers. 

Oporto  to  Valenca 131.194 

Braga  branch  line 15. 164 

Oporto  (Ermezinde)  to  Barca  d'Alva 191.766 

Custom  House  branch  line 3. 916 

Barreiro  to  Bias 195.908 

Setubal  branch  line 12.809 

Casa  Branca  and  Extremoz  branch  line 78.080 

Beja  to  Faro 186.477 

Total 815. 314 
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LINES  UNDER  CONSTRUCTION. 

BROAD-GAUGE. 
The  Royal  Company  of  Portuguese  Railways. 

Kilometers. 

Tlie  Beira  Baixa  line 45.675 

Southern  Ratlways  Company. 

Vendas  Novas  to  Santarem 71.00 

Coimbra  to  Arganil 60.00 

All  the  roads  are  single  track,  witli  the  exception  of  the  rail- 
-way  from  Lisbon  to  Cacem,  of  that  of  Cascaes,  and  of  the  Eastern  line 
between  Lisbon  and  the  Entroncamento  at  Gollega.  The  width  of  the 
broad-gauge  line  is  1.67  m.  between  the  inner  edges  of  the  rails.  The 
building  of  Portuguese  railways  began  on  Sej)teniber  17th,  1853,  and 
the  first  section  open  to  traffic  was  the  one  between  Lisbon  and  Carre- 
gado  on  the  Eastern  line. 

The  technical  and  economic  conditions  of  the  lines  worked  either 
by  companies  or  managed  by  the  State  are  the  following: 

The  Eastern  Railway. 

This  line  begins  at  Lisbon  (Caes  dos  Soldados)  and  follows  along 
the  bank  of  the  Tagus  tip  to  Abrantes,  where  it  bends  towards  Elvas, 
joining  at  Badajos  the  Spanish  line.  It  traverses  the  administrative 
districts  of  Lisbon,  Santarem  and  Portalegre.  Its  technical  conditions, 
both  in  plan  and  jDrofile,  are  condensed  in  the  following  tables: 


Alignment. 

Length  In 
meters. 

Percent,  of 
total  length. 

Straight 

183  7i>2.24 

1  026.18 

2  580.. 34 
11  173.74 
11  451.25 

9  705.19 

7  098.01 

7  954.18 

40  887.87 

66.60 

0.40 

from  400  to  .500  m 

0.90 

11               •< 

•'      500  to  GOO  m 

4.00 

<<               << 

"      600  to  700  m 

4.10 

•<               •< 

"      700  to  800  m 

3.60 

I.               « 

"      800  to  900  m 

2.60 

<■               <i 

"      900  to  1  000  m 

2.90 

11                                •! 

14.90 

275  599.00 

100.00 
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Grade. 

Length  in 
meters. 

Percent,  of 
total  length. 

30  640 
52  900 
70  500 
62  259 
13  400 

11.10 

Grades  below  0.001 

19.20 

"       from    0.001  to  0.005 

25.60 

"          "       0.005  to  0  010 

22.50 

"          "       0  010  to  0.012 

4.90 

"          "        0.012  to  0.015 

35  800 

12.30 

of  0.015 

12  100 

4.40 

Totals 

275  599 

100.00 

The  width  at  formation  level  in  embankment  is  5.50  m.  and  6.10  m. 
in  cuttings.  The  road  is  of  double  track  between  Lisbon  and  the 
Entroncamento.  It  has  32  stations,  including  the  one  at  the  junction 
with  the  Northern  line;  that  of  Abrantes  at  the  junction  with  the  Beira 
Baixa  line,  and  that  of  Torre  das  Vargens  on  the  Caceres  embranch- 
ment. 

The  Noetheen  Ratlwat. 

The  Northern  Railway  begins  at  the  junction  station  of  the  Eastern 
line,  and  traverses  the  administrative  districts  of  Santarem,  Leiria, 
Coimbra,  Aveiro  and  Oporto.  Its  technical  conditions,  both  in  plan 
and  profile,  will  be  found  condensed  in  the  following  tables : 


AUGNSfEKT. 

Length  in 
meters. 

Percent,  of 
total  length. 

Straight 

157  862.78 

2i>2.3l 

408.05 

10  6S6.36 

0  43 {.98 

3  471.22 

2  967.78 

9  683.91 

34  106.81 

68.97 

0.11 

"                   "        from    400  to  .50f(  m 

0.19 

"                   "           "        500  to  fiOO  m 

4.6T 

"                   "          "        600  to  7(10  ni 

4.12 

"                   ■'           •■        700  to  800  m 

1.51 

"                    "           "        800  to  900  m   

1.29 

"                   '•           "        900  to  1  000  m  

4.22 

"                  "       above  1  000  m 

14.92 

Total 

228  873  20 

100.00 

Gbade. 

Length  in 
meters. 

Percent,  of 
total  length. 

25  792.20 
27  704.40 
68  600.00 
h^  350.00 
24  500.00 
14  692.10 
14  234.50 

11.22 

12.10 

"        Irom    0  001  to  0  005 

29.97 

"          "         0.0(15  to  0.010 

23.39 

0.010to0.012 

10.70 

••           "         0.012to0.0l5 

6.41 

"        above  0  015     

6.21 

Total 

228  873.20 

100.00 
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The  width  at  formation  level  is  the  same  as  that  of  the  Eastern  Rail- 
way. The  line  has  22  stations,  including  those  of  Alfarellos  and  Pam- 
pilhosa,  the  first  at  the  junction  of  the  Figueira  branch  line,  and  the 
second  belonging  to  the  Beira  Alta  Eaihvay. 

The  Eastern  and  Northern  railways  have  been  constructed  by  the 
Koyal  Company,  and  are  to  be  worked  for  a  j^eriod  of  99  years  by  the 
same,  the  State  granting  a  si;bvention  or  112  500  francs  jjer  kilometer 
for  the  Eastern,  and  135  000  francs  for  the  Northern,  line.  This  line  has 
five  tunnels,  measuring  altogether  1  701.75  m.  in  length,  and  among  its 
numerous  constructive  works  is  the  remarkable  bridge  Maria  Pia  over 
the  Douro,  with  a  single  arch  of  160  m.  span  and  37.5  rise,  its  flooring 
being  61.30  m.  above  low  water  mark. 

Goods  and  Passenger  Traffic. — The  number  of  passengers  conveyed 
in  the  year  1890  by  this  line  was  1  676  692.  The  number  of  kilograms 
of  goods  transpoiied  at  high  speed  was  18  398  841,  and  at  low  speed, 
759  402  879.     The  trains  have  third-class  carriages. 

The  general  rates  are:  0.1102  franc  ijer  kilometer  for  first  class, 
0.0857  franc  per  kilometer  for  second  class,  and  0.00613  franc  per 
kilometer  for  third  class. 

The  343  km.  run  between  Lisbon  (Eocio  station)  and  Oj^orto  is 
I^erformed  by  the  mail  trains  in  10  hours  45  minutes,  and  the  272 
km.  run  between  Lisbon  and  Elvas  in  10  hours  46  minutes. 

The  proportion  of  j^assengers  in  the  different  classes  is  as  follows: 
9.07%  of  first  class,  19.440o^  of  second  class,  and  ll.4Q%  of  third 
class. 

The  gross  earnings  per  kilometer  in  the  year  1890  amounted  to 
29  630.4  francs,  and  the  coefficient  of  the  working  of  the  line  is  34.98 
I)er  cent. 

The  Cacekes  Bkanch  Line. 

The  Caceres  branch  begins  at  kilometer  174.8  on  the  Eastern  line 
at  Torre  das  Vargens  station,  and  following  the  route  to  the  frontier  it 
joins  the  Caceres  and  Madrid  line.  Its  whole  length  is  comprised 
within  the  administrative  district  of  Portalegre.  It  Avas  built  by  the 
Royal  Company  without  any  charge  whatever  to  the  State. 

The  technical  conditions  of  this  line,  both  in  plan  and  profile,  are 
condensed  in  the  tables  on  the  next  page. 

The  width  at  formation  level  is  5  m.  in  embankment  and  5.5  m.  in 
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cuttings.    .It  has  five  stations,  including  the  one  at  the  commencement 
of  the  line. 


Aliqnmknt. 

Length  in 
meters. 

Percent,  of 
total  length. 

straight 

27  830.45 
21  794.85 

8  574.50 

9  178.4 
2  817.8 

702.80 
950.20 

38.28 

of  300  m 

30.30 

from  300  to  400  m 

11.93 

t<                  11 

"    400  to  500  m 

12.76 

<<                  11 

"     .500  to  600  m 

3.80 

<c                      •< 

"     600  to  700  m 

0.92 

i<                                <c 

"     1  000  m 

1.92 

Totals 

71  849.00 

100.00 

Grade. 

Length  in 
meters. 

Percent,  of 
total  length. 

Level 

18  536.6 

2  .320.0 
8  358.4 
5  934  0 

10  518.0 

8  241.3 
5  431.0 

9  062.4 

3  447.3 

25.93 

Grades  from  0.001  to  0.005 

"     0.005  to  0.008 

3.22 
11.49 

"            "     O.OOStoO.OlO 

8.26 

"            "     0.010to0.012 

14.63 

"            "     fi.012  toO.U14 

11.47 

'•     0.014to0.015 

7.56 

"            <■     0  015  to  0.018 

12.61 

"            "     0.018to0.125 

4.83 

Totals 

71  849.0 

100.00 

Goods  and  Passenger  Traffic. — The  passengers  conveyed  in  the  year 
1890  by  this  line  were  28  123,  and  the  number  of  kilograms  of  goods 
trans]3orted  were :  at  high  speed,  871  245  ;  at  low  speed,  45  509  735. 

The  proportion  in  the  different  classes  is  of  33°^  for  first  class,  23"^ 
for  second  class,  44 j?^  for  third  class. 

The  general  rates  on  this  branch  line  are  the  same  as  in  force  for 
the  Northern  and  Eastern  railwavs. 


Lisbon    to    Cintka    and    Tokees    Vedras,    Figueira    da    Foz    and 

AXFAREIiLOS     EaTLWAY     OR     WESTERN     LiNE. 

Lisbon  to  Cintra. — The  line  from  Lisbon  to  Cintra  begins  at  Alcantara 
station,  and  follows  in  the  direction  of  Cintra  after  its  junction  at 
Campolide  with  the  City  line  and  at  Cacem  with  the  Torres  and 
Figueira  Railway. 


PIMENTAL  ON  ROADS,  RAILWAYS,  ETC.,  IN  PORTUGAL.     307 
Its  tecliuical  conditions  are  condensed  in  the  following  tables: 


AUQNMKNT. 


Straight 

Curves  with  radius  of  320  m 

'•  3.M)  m 

"  "  490  m 

"500  m 

"  "  "  600  m 

"650  m 

"  "  "  800  m.  and  above 

Totals 


Length  in 
meters. 


Percent,  of 
total  length. 


U  135.61 
432.10 

2  544.68 
•2  051.23 

3  269.98 
1  132.74 

698.43 
3  210.13 


51.64 
1.50 
9.29 
7.49 

11.94 
4.14 
2.18 

11.82 


Grade. 

Length  in 
meters. 

Percent,  of 
total  length. 

7  008.90 

1  650.00 

2  275.00 
5  145. 55 

3  686.00 
7  6U9.45 

25.64 

Grades  from  0.001  to  0.005 

5.80 

"     0.005  to  0.010 

8.31 

"        "     0.010  to  0.012 

18.79 

"      0.012  to  0.015 

33.56 

"         "      0.015  to  0.018 

27.90 

Totals 

27  374.90 

100.00 

The  width  at  formation  level  is  8.70  m.  in  cuttings  and  9.03  m.  in 
embankment.  The  road  is  of  double  track  between  Lisbon  and 
Cacem  and  has  three  tunnels,  their  total  length  being  705  m. 

Lisbcm  {Cacem)  to  Torres  Vedras. — This  line  commences  at  the  Cacem 
station  (kilometer  19  216.0  of  the  Cintra  Eailwav),  its  whole  length 
being  comprised  within  the  bounds  of  the  Lisbon  administrative 
district.  The  line  was  built  by  the  Koyal  Company  without  any  charge 
whatever  to  the  State. 

Its  technical  conditions  in  j^lan  and  profile  are  summarily  contained 
in  the  following  tables : 


AUGNMENT. 

Length  in 
meters. 

Percent,  of 
total  length. 

Straight 

23  629.16 

51  94 

Curves  with  radius  of  350  m 

3  676  99 
5  591.33 
5  509.10 

4  564.52 
262.54 

2  066.36 

45  300.00 

«.ll 

"               "            "400  m 

12.24 

"               "      from  400  to  500  m 

12.16 

"           •'    600  to  700m 

10.62 

"               "           "    800  to  900  m 

0.58 

"               "    above  900  m 

4.35 

Totals 

100  00 
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Gbade. 

Length  in 
meters. 

Percent,  of 
total  length. 

9  376.00 
3  000.00 
5  857.00 
3  200.00 
10  848.00 
13  019.00 

20.73 

■Grades  from  0.000  to  0.005 

6.73 

"     0.005  to  0.010 

12.72 

"        "     0.010  to  0.012 

7.16 

"      0.1112  to  0.015 

23.94 

"        "      0.015  to  0.018 

28  72 

Totals 

45  300.00 

100.00 

The  widtli  at  formation  level  is  5  m.  in  cuttings  and  5.30  m.  in 
embankment.  This  line  has  four  tunnels  measuring  715  m.  of  total 
length  and  eight  stations,  including  the  one  of  Cacem  at  the  junction 
"with  the  Cintra  Railway. 

Goods  and  Passenger  Traffic. — The  number  of  i^assengers  conveyed 
during  the  year  1890  by  the  Lisbon,  Cintra  and  Torres  Railway 
amounted  to  597  202  ;  the  number  of  kilograms  of  merchandise  trans- 
ported at  high  sjieed  being  2  144,  and  at  low  sjjeed,  651  030. 

The  proj)ortion  of  passengers  in  the  different  classes  was  of  14.9% 
in  first  class,  30.5^?^;'  in  second  class,  44.6%  in  third  class. 

The  gross  earnings  per  kilometer  were  21  036  francs,  the  coefficient 
of  the  working  being  57.12  per  cent. 

Torres  Vedras  to  Figueira  da  Foz. — This  road  begins  at  the  terminus 
of  the  Lisbon  and  Toi-res  line  and  forms  its  extension  to  Figueira. 
It  was  constructed  by  the  Royal  Company  and  is  to  be  worked  by 
the  same  for  a  period  of  99  years,  the  State  allowing  5%  for  complete- 
ment  of  interest  and  i:>ayments  of  166  667  francs  cajutal  per  kilometer, 
the  disbursement  of  the  State  never  exceeding,  however,  2  jjer  cent. 

This  line  is  laid  across  the  administrative  districts  of  Lisbon,  Leiria 
and  Coimbra.  Its  technical  conditions,  both  in  -p\a,u  and  profile,  are 
condensed  in  the  following  tables  : 


Alignment. 

Length  in 
meters. 

Percent,  of 
total  length. 

Straight 

102  118.70 
235.19 

3  571.25 
17  963.00 
10  6^8.19 

4  358.13 
12  550.70 

67.40 

0.15 

"                 '•        of 400m   

2.35 

«'                 ••        from  400  to  500  in 

11.87 

'■                 ••           "      600  to  700  m 

7.08 

"      800  to  900 

2.89 

8.28 

Totals 

151  495.16 

100.00 
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Grade, 


Level 

Grades  Irom  0.0t)5 

"  •'      0.005  to  O.UIO 

"  0.010  too. 01> 
"  0  012  toO.Ol.T 
"     0.015  to  0.018 

Totals 


LenKlh 

in 

meters. 

3'J  480.38 

28  30.1 

00 

'•6  :)55 

00 

12  852 

00 

43  702 

78 

800 

00 

151  495 

16 

Percent,  of 
total  length. 


26.06 
18.68 
17.38 

8.48 
28  84 

0.56 


100. 00 


The  width  at  formation  level  is  the  same  as  that  of  the  Lisbon  line 
(Cacem-Torres).  It  has  23  stations,  including  the  one  of  ToiTes  at  its 
commencement. 

Alfarellos  Branch  Line. — This  branch  connects  the  Northern  line  at 
kilometer  200,  coTinting  from  Santa  Apolonia  station  at  Lisbon,  with 
the  line  of  Figneira  at  Amieira  station.  It  was  constructed  and  is 
worked  on  the  same  terms  as  the  line  of  Torres  to  Figueii-a. 

The  technical  conditions  of  this  railroad  in  plan  and  profile  are 
condensed  in  the  following  tables  : 


Alignment. 

Length  in 
meters. 

Percent,  of 
total  length. 

Straight 

8  037.14 

214.67 

610  63 

3  411.08 

2  81-2.44 

1  146.32 

283.62 

48  66 

Curves  with  radius  of   300  m 

1  30 

400  m 

3.69 

"                 "         500m   

20  65 

"                 "         600  m 

17  02 

«00  m 

6  92 

"                 "       1500m 

1  76 

Totals 

16  515.90 

100  00 

Grade. 

Length  in 
meters. 

Percent,  of 
total  length. 

Level 

10  264.90 

5  581.00 

670.00 

62  15 

Grades  of  0.005 

33  80 

"      0.015 

4  05 

Totals 

16  515.90 

The  width  at  formation  level  is  the  same  as  that  of  the  line  from 
Torres  to  Figueira.  It  has  three  stations,  including  those  of  Alfarellos 
and  Amieira. 
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The  i^assengers  conveyed  in  tlie  year  1890  hj  tlie  line  of  Torres  to 
Figueii-a  and  by  the  Alfarellos  branch  were  285  507,  and  the  number  of 
kilograms  of  goods  transported  at  full  sjDeed  amounted  to  141  200. 

The  proi^ortion  of  passengers  in  the  different  classes  was  of  8.1%"  in 
fii'st  class,  19.4:%  in  second  class,  and  12.b%  in  third  class. 

The  general  rates  apj^lied  to  the  Lisbon,  Cintra,  Torres,  Figueira 
and  Alfarellos  railroads  are,  0.1102  franc  -pev  kilometer  for  first  class; 
0.0857  franc  jaer  kilometer  for  second  class,  and  0.00613  franc  per 
kilometer  for  third  class. 

The  gross  earnings  in  1890  amounted  to  10  381.3  francs  j^er  kilo- 
meter, the  coefficient  of  the  working  being  68.12  per  cent. 

The  City  axd  Ciecuit  Lines. 

The  Circuit  line  connects  the  Eastern  and  the  Cintra  railways  with 
the  Kocio  station  within  the  city  of  Lisbon.  Its  total  length  is 
12  856  m. 

The  Circuit  line,  or,  as  it  is  more  commonly  called,  the  Cu'cumval- 
lation  line,  has  a  tunnel  180. 5  m.  in  length,  and  the  City  line  another, 
2  600  m.  in  length.  Both  lines  were  constructed  by  the  Royal  Com- 
jDany  without  any  charge  to  the  State. 

The  Ca.scaes  Ratlway. 

The  Cascaes  Railway  begins  at  Alcantara  station  in  Lisbon,  and, 
following  along  the  right  bank  of  the  Tagus,  puts  in  easy  communica- 
tion with  the  capital  the  watering-places  bordering  on  the  river  and 
those  of  Estoril  and  Cascaes  at  its  terminus.  It  was  constructed  by 
the  Royal  Company  without  any  charge  to  the  State.  This  road  is  of 
double  track  between  Pedrougos  and  Cascaes. 

Its  technical  conditions  in  plan  and  profile  are  condensed  in  the 
following  tables: 


AUGNIIENT. 

Length  in 
meters. 

Percent,  of 
total  length. 

Straight 

15  601.68 

214.68 

4  618.34 

2  765.41 

425.23 

66.30 

0  90 

"                 "             "       300  to  400  m 

19.20 

"                "             "       400  to  600  m 

11  70 

"                "          above  600  m 

1.90 

Totals 

23  525.34 

100.00 
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Gbade. 


Length  in 
meters. 


Percent,  of 
total  length. 


Level 

Grade  Irom  0.000  to  0.005. 
"  O.Ot'u  toOOlO. 
"      0.010  to  0.014. 


U  437.43 
2  708.61 
1  628.00 
4  751.30 


61.30 

11.60 

6  9(» 

20.30 


Totals. 


23  525  34 


100.00 


This  railroad  lias  14  stations,  inchiding  that  of  departure,  and  its 
general  rates  are  collected  by  sections,  the  line  being  divided  into  three. 

Kates:  first  class,  0.888  franc;  second  class,  0.444  franc;  third 
class,  0.277  franc. 

Pasaenger  Traffic. — The  number  of  passengers  conveyed  by  the  line 
amounted  to  615  592  in  the  following  j)roportions:  14.339  first-class 
j)assengers,  or  2.32%;  285  564  second-class  passengers,  or  46.38^; 
315  689  third-class  passengers,  or  51.30  i^er  cent. 


The  Beika  Baixa  Railway. 

This  line  commences  at  the  station  of  Abrantes,  on  the  Eastern 
railroad,  31.33  m.  above  the  mean  level  of  the  sea,  running  thence 
along  the  right  bank  of  the  Tagus  up  to  Portas  de  Rodao,  where  it 
attains  the  altitude  of  107.211  m.  above  the  said  level.  From  this 
point  it  pursues  its  course  by  the  neighborhoods  of  Castello  Branco 
and  Covilha  to  the  vicinity  of  Guarda,  where  it  ends  at  the  altitude  of 
811.567  m.  in  the  Beira  Alta  Railway,  after  crossing  the  administrative 
districts  of  Santarem,  Castello  Branco  and  Guarda. 

It  was  constructed  by  the  Royal  Comjjany,  the  State  allowing  the 
same  company  5.5"o  iov  interest  and  payment  of  cost,  which,  accord- 
ing to  the  contract,  was  at  the  rate  of  198  888  francs  per  kilometer. 

The  technical  conditions  of  this  railway,  both  in  ])lau  and  profile, 
may  be  condensed  in  the  tables  on  the  next  page. 

The  width  at  formation  level  on  the  upper  surface  of  the  embank- 
ments is  5.30  m.  and  of  5  m.  in  the  cuttings.  Besides  numerous  con- 
structive works,  this  railway  has  10  tunnels,  the  aggregate  length  of 
which  is  1  981.50  m.  The  stations  are  24  in  number,  including  that  of 
Abrantes,  which  serves  at  the  same  time  the  Eastern  Railway,  and  the 
Guarda  station,  which  belongs  in  common  to  the  Beira  Alta  line. 
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Alignment. 

Length  in 
meters. 

Percent,  of 
total  length. 

Straight 

135  343.64 

32  915.43 

24  346.55 

14  740.42 

4  329.36 

C3.93 

15  55 

"               "          from  300  to  400  m 

11  50 

"                "              "      400to600in 

6.96 

2.06 

Totals    

211  675.40 

100  00 

Gbade. 

Length  in 
meters. 

Percent,  of 
total  length. 

89  085.83 
14  868.00 
13  845.00 
23  968.00 
69  908.57 

42.08 

7  02 

"      0.0U5to0.010 

6.51 

"            "      O.OlOtoO.015 

11.32 

■'            "      0  015  to  0.018 

33.07 

Totals 

211  675.40 

100.00 

This  railTN-av  was  still  in  course  of  building  in  1890,  and  on  Sep- 
tember Tth,  1891,  166  km.  were  open  to  circulation  between  Abrantes 
and  Coyilha. 

Besides  tlie  roads  described  the  Koyal  Company  has  at  its  charge 
the  working  of  a  broad-gauge  branch  connecting  the  Coimbra  station 
with  the  heart  of  the  town,  and  which  is  destined  to  serve  as  terminus 
to  the  Ai'gauil  line,  at  i^resent  under  construction.  This  branch  is 
1  700  m.  in  length. 


The  Southekx  axd  South-Easteen  Eailwats. 

The  Southern  and  South-eastern  lines  have  both  their  common 
origin  at  Barreiro,  on  the  left  bank  of  the  Tagus.  The  main  line  leads 
to  the  Algarve,  its  terminus  being  at  Faro,  the  capital  of  the  district 
bearing  this  name.  A  branch  extends  to  the  town  of  Setubal,  and 
another  to  Extremoz,  which  passes  near  Evora,  extending  from  thence 
to  Beja  and  Pias.  These  railways  cross  the  administrative  districts  of 
Lisbon,  Evora,  Beja  and  Faro.  The  main  line  and  its  branches  are 
o-ff-ned  and  managed  by  the  State.  The  -nidth  of  the  track  is  1.67  m. 
between  the  inner  edges  of  the  rails. 
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The  teclinical  conditions  of  its  various  parts,  both  in  plan  and  pro- 
file, are  condensed  in  the  following  tables: 


Alignment. 

LeDijtb  in 
meters. 

Percent,  of 
total  length. 

Straight 

148  465.37 
1  391.72 
4  465.84 
3  963  22 
3  341.75 
214.00 
34  066.64 

76  24 

Curves  with  radius  from  300  to  350  m 

0.71 

"                   "          "      SSO  to  400  m 

2.26 

"                   "          "      400  to  GOO  ni 

2.02 

"                   "          "     600  to  800  m 

1.55 

"                   "          "      SOOtolOOOm 

0.01 

"                  "       above  1  000  m 

17.21 

Totals 

195  908.54 

100.00 

Grade. 


Length  in 
meters. 


Percent,  of 
total  length. 


Level 

Grades  from  0  005 

"  0.005  to  0.010 
"  0.010  to  0  015 
"     0.015  to  0.016 

Totals 


31  679.09 
51  542.50 
94  996.0.') 
15  033.41 
2  657.49 


195  908.54 


16.13 

26.39 

48.49 

7.67 

1.32 


100.00 


The  Setub.\Ij  Bk.\nch  Line. 

This  branch'  begins  at  Piuhal  Novo  station  and  ends  at  Setnbal, 
after  a  course  of  12  809.60  m.  Its  length  in  straight  alignment  is 
8  538.96  in.,  and  4  270.64  m.  in  curved  alignments,  which  is  equivalent 
to  66.6%  of  the  first  and  to  33.4%  of  the  second,  for  its  whole 
extent. 

The  technical  conditions  of  the  i^rofile  may  be  seen  in  the  following 
table: 


Grade. 

Length  in 
meters. 

Percent,  of 
total  length. 

Straight 

557.30 
6  349.64 
5  902  06 

4.35 

Grades  from  0  005  

49.72 

"        "     0  005  to  0  010 

45.93 

Totals 

12  809.60 

inc. 00 
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The  Casa  Bkanca  and  Extbemoz  Branch  Line. 
This  line  begins  at  Casa  Branca  station  and  ends  at  the    town  of 
Extremoz,  after  passing  close  to  the  city  of  Evora.     Its  technical  con- 
ditions, both  of  plan  and  profile,  are  condensed  in  the  following  tables: 


Alignment. 

Length  in 
meters. 

Percent,  of 
total  length. 

47  227.56 

1  26:i.60 

475.46 

13  788.63 
3  023  87 
1  948.73 
9  751.95 

60.48 

1.61 

"•                   "      of  350  m 

0  51 

17.65 

•'                   •■          "     600  to  750  m 

4.64 

"                   .1          «.     750  to  800  m    

2.49 

•  •                  "      above  1  000 

12.62 

Totals    

78  079.80 

100.00 

Length  in 
meters. 


Percent,  of 
total  length. 


Leyel , 

Grades  from  0  005 , 

"     0.005  to  0.010 
"     0.010  to  0  015 

Totals 


14  926.70 
16  413.60 
22  716.86 
24  022.64 


19.11 
21.02 
29.09 
30.78 


Beja  and  Fap.o  Bail  way. 

It  is  at  Beja  station  that  the  line  of  the  Algarve  bends  towards  that 
province,  ending  at  Faro  after  a  run  of  186  477.32  m.  In  its  first 
section  from  Beja  to  Casevel,  46  682  m.  in  length,  it  has  16  774  m.  in 
curved  alignments,  or  35.98^  of  its  whole  extent. 

The  technical  conditions  of  this  line  in  profile  are  condensed  in  the 
following  tables : 


Grade. 

Length  in 
meters. 

Percent,  of 
total  length. 

5  084.0 
10  357.0 
17  423.0 
10  973.0 

2  791.0 

10.90 

22,22 

«         "     0  005  to  0  010                            

37.36 

"         ■'     0  010  to  0  015             

2.3.53 

"         "     0  015  to  0018  

5.99 

Totals 

46  628.0 

100.00 
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The  Casevel  and  Fauo  Section. 
The  teclinical  conditions  of  tliis  section  of  the  main  line,  both  in 
plan  and  profile,  are  condensed  in  the  following  tables: 


Alignment. 


Straight 

Curves  with  radius  of  300  tu 

'•  "  from  3(10  to  400  m 
"  "  400  to  600  m 
"       above  600  m 

Totals 


Length  in 
meters. 


Percent,  of 
total  leDglh. 


85  073.35 

60.82 

12  877  51 

9.21 

16  001.43 

11.44 

13  062.73 

9.34 

12  834.30 

9.19 

139  849.32  I         100.00 


Length  in 
meters. 


Level 1  26  485.75 

Grades  from  0.005 16  363.50 

"         "     0.005  to  0.010 1  22  8W3.63 

"     O.OlOtoO.018 74116.44 

Totals 139  849.32 


Percent,  of 
total  length. 


18.94 
11.71 
16.38 
52.97 


100.00 


The  width  at  formation  level  in  embankment  measures  5.30  m.  and 
6.20  m.  in  cuttings.  It  has  45  stations,  of  which  32  belong  to  the 
main  line  from  Barreiro  to  Faro,  2  to  the  Extremoz  branch,  7  to  that 
of  Setubal.  and  4  to  the  extension  from  Beja  to  Pias. 

Goods  and  Passenger  Traffic. — The  number  of  passengers  conveyed 
by  this  line  during  the  year  1890  was  of  340  915,  and  the  amount  of 
metrical  tons  of  merchandise  transported  at  low  sjieed  158  404. 

The  run  between  Barreiro  and  Faro  for  a  length  of  340  km.  is  ac- 
complished by  mail  trains  in  12  hours  25  minutes.  The  general  pas- 
senger fares  are  :  0.105  franc  per  kilometer  for  first  class,  0.0815  franc 
per  kilometer  for  second  class,  and  0.059  franc  per  kilometer  for  third 
class. 

The  gross  earnings  for  1890  amounted  to  7.973  francs  per  kilometer 
and  the  coefficient  of  the  working  was  62.08  per  cent. 

The  Minho  Kailway. 
The  Minho  Railway  begins  at  Oporto,   where  it  is  joined  by  the 

k Northern  line,  and  follows  its  course  through  the  jiroviuce  of  Minho, 
I 
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serving  its  cities  and  principal  towns,  such  as  Braga,  Barcellos,  Vianna 
np  to  Valen^a,  where  it  joins,  by  means  of  the  international  bridge 
over  the  river  of  the  same  name,  with  the  Spanish  line  of  Orense  and 
"Vigo.  It  is  131  194.52  m.  in  length.  The  city  of  Braga  is  reached  by  a 
branch  line  15  163.71  m.  in  length. 

This  railway  was  built  and  is  worked  directly  by  the  State.  Its 
course  lies  through  the  districts  of  Oporto,  Braga  and  Vianna  do 
Castello. 

The  technical  conditions,  both  in  j^lan  and  i^roflle,  either  of  the 
main  line  or  of  the  Braga  branch,  may  be  found  condensed  in  the  fol- 
lowing tables  : 


I 


straight 

Curves  with  radius  from  300  to  400  m 
"  '■  "  400  to  500  m 
"  "  "  500  to  600  m 
"  "        above  600  m 

Totals 


Length  in 
meters. 


88  481.07 

7  502.48 

8  765.95 
i   729.31 

21  715.71 


Percent,  of 
total  length. 


67.44 
5.71 
6.67 
3.60 

16.58 


Level 

Grades  from  0.005 

"  "      0.005  to  0.010 

"      0.010  to  0.012 

"  "     0.012  to  0.015 

Total 


Length  in 
meters. 


38  726.02 
18  714  88 
14  878.06 
12  388.21 
46  487.35 


131  194.52 


Percent,  of 
total  length. 


29.51 
14.26 
11.34 
9.44 
35.45 


The  Bkaga  Bkanch  Leste. 


Alignmekt. 

Length  in 
meters. 

Percent,  of 
total  length. 

straight 

8  905.36 

1  238.61 

822.04 

733.40 

3  464.30 

58.72 

8.16 

"                   "          "  400  to  5fi0  m 

5.42 

"                   "          "  500  to  600  m 

4.83 

22.87 

Totals 

15  163.71 

100.00 
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Grade. 

Length  in 
meters. 

Percent,  of 
total  length. 

Level 

3  872.24 
2  641.97 
6  604.43 
2  005  07 

25.53 

Grades  from  0.005  to  0.010 

17.42 

"          "      0  010  to  0  015                  

43.55 

"          "      Q  015  to  0  Olti           

13.50 

Totals    

15  123.71 

100.00 

The  widtli  at  formation  level  in  embankment  is  5.30  m.  and  4.50  m. 
in  cuttings.  This  line  has,  besides  some  important  constructive  works, 
six  tunnels,  the  aggregate  length  of  which  is  2  174.90  m. 

Goods  and  Passenger  Traffic.  — During  the  year  1890,  554  387  pas- 
sengers were  conveyed  by  this  line,  and  the  amount  of  goods  trans- 
ported at  low  speed  was  of  100  824.429  metrical  tons. 

The  proportion  of  passengers  in  the  different  classes  were  as  fol- 
lows :  8.280^  of  first  class,  17.57^  of  second  class,  and  74.15^  of 
third  class.  There  are  30  stations  on  the  Oporto  and  Valenga  route, 
and  five  on  the  Braga  branch,  including  one  common  to  the  main  line. 
The  general  rates  for  passengers  were  :  0. 105  franc  i^er  kilometer  for 
first  class,  0.0813  franc  per  kilometer  for  second  class,  and  0.059  franc 
j)er  kilometer  for  third  class. 

The  run  on  this  line  is  accomplished  by  mail  trains  in  5  hours  18 
minutes. 

The  Dotjeo  Eailway. 


The  Douro  line  begins  at  the  station  of  Ermezinde,  on  the  Minho 
railroad,  distant  8  426  m.  from  the  city  of  Oporto,  and  crossing  the 
province  of  Minho,  enters  afterwards  in  the  Douro  valley,  through 
which  it  pursues  its  course  to  the  border  of  the  kingdom,  joining  there 
the  Salamanca  Railway  by  means  of  a  bridge  over  the  River  Agueda. 
Its  course  lies  through  the  Oporto,  Villa  Real  and  Braganga  districts, 
bordering  also  on  those  of  Vizeu  and  Guarda.  It  was  constructed 
and  is  worked  directly  by  the  State. 

Better  to  appreciate  the  technical  conditions  of  this  line,  we  shall 
divide  it  into  two  sections,  the  first  from  its  commencement  to  Pinhao 
station  on  the  right  bank  of  the  Douro,  and  the  second  from  this  point 
to  its  terminus  on  the  frontier. 
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SECnON   OF   THE   DOUKO   EaTLWAT   FEOSI   ErMEZINDE   to   PlNHAO. 


Alignment. 

Length  in 
meters. 

Percent,  of 
total  length. 

Straight 

69  266.71 

2  120.79 

22  444.27 

18  913.31 

6.171.61 

58.25 

1.78 

from  250  to  400  m 

18.87 

"                   "            "      400  to  800  m 

15.82 

"                  "         above  800  m 

5.28 

Totals 

118  916. G9 

100.00 

Grade. 

Length  in 
meters. 

Percent,  of 
total  length. 

Level 

40  579.23 
27  306.02 
20  404.. 'i9 
30  626.85 

34.12 

Grades  from  0  010 

22.96 

"      0.010  to  0.014 

17.20 

"          "      0.014to0.016 

25.72 

Totals 

118  916.69 

100.00 

Section  Bet^veen  Pinhao  and  Babca  d'Alva. 


AXIGSMEKT. 

Length  in 
meters. 

Percent,  of 
total  length. 

Straight 

42  327.399 
1  6.59.74 

14  973.69 
4  803.08 
3  965.65 
1  894  97 
3  224.84 

58.24 

2.28 

"               "            from  250  to  300  m 

20.55 

"                "                "    300  to  400  m 

6  59 

■'               "               "    4()0  to  500  m 

5  44 

"               "                "    500  to  600  m 

2.60 

"               "           above  600  m 

4.30 

Totals 

72  849.369 

100  00 

Grade. 

Length  in 
meters. 

Percent,  of 
total  length. 

30  418.829 

36  696.210 

2  741.00 

2  993.33 

41.75 

Grades  from  0 .  005 

60.37 

'■           0. 00-- to  0.010 

3.76 

O.OlOtoO.015 

4.12 

Totals  

72  849.369 

100.00 

The  width  at  formation  level  is  of  5.3  m.  in  embankment  and  5  m. 
in  cuttings. 
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Besides  numerous  eoustnictive  works,  this  line  has  23  tuuuols,  the 
total  length  of  which  is  G  914  m. 

Goods  ami  Piissenger  Traffic. — The  number  of  passengers  conveyed 
by  this  liae  during  the  year  1890  was  of  345  902,  and  the  number  of 
tons  of  merchandise  at  low  speed  137  120.950. 

The  gross  earnings  of  the  Minho  and  Douro  railways  were  14  396. 6 
francs  per  kilometer,  and  the  coefficient  of  the  working  55  per  cent. 

The  number  of  stations  is  36.  The  general  rates  are  the  same  as 
those  in  force  on  the  Minho  line.  As  a  dejiendeuce  of  the  Minho  and 
Douro  lines,  the  State  constructed  a  branch  line  connecting  the  Oporto 
station  with  the  custom  house  3  915.92  m.  in  length. 

This  branch  line  has  three  tunnels,  the  total  length  of  which  is 

1  377.36  m. 

The  Beiea  Alta  Kailway. 

This  line  begins  at  the  town  of  Figueira,  joining  the  northern  line 
at  the  Pampilhosa  station,  and  its  termintis  is  at  Villar  Formoso  on  the 
Spanish  frontier,  where  it  effects  its  junction  with  the  Salamanca  rail- 
way. The  road  crosses  the  mountain  of  Bussaco,  where  it  gains  the 
altitude  of  215  m.  above  the  level  of  the  sea,  passing  in  the  vicinity 
of  the  city  of  Guarda,  where  the  altitude  attained  is  of  809  m. 
Besides  serving  a  large  tract  of  land,  this  line  constitutes  the 
shortest  route  from  the  central  part  of  Portugal  to  the  north  of  Spain. 
This  railway  was  constructed  and  is  worked  by  the  Beira  Alta 
Company,  the  State  granting  a  kilometric  subvention  of  127  777  francs 
for  the  length  of  202  207. 14  m.  from  Pampilhosa  to  the  frontier,  the 
section  from  that  point  to  Figueira,  50  044. 66  m.  in  length,  being  con- 
structed without  any  charge  to  the  State.  It  crosses  the  administra- 
tive districts  of  Coimbra,  Aveiro,  Vianna  and  Guarda. 

The  technical  conditions  of  this  line,  both  in  plan  and  profile,  are 
condensed  in  the  following  tables  : 


Alignment. 

Length  in 
meters. 

Percent,  of 
total  length. 

Straight 

143  806.73 
•22  418.64 
15  4!19.14 
23  027. 4'i 
11  ;iG0.ll8 
10  175.42 
25  274.31 

57.04 

8.89 

of  400  m 

G.15 

"                "            from  400  to  500  m 

9.13 

"                "                ■■     .SOO  to  650  m  

4.73 

"                "                "    650  to  900  m 

4.04 

10.02 

Totals 

252  251.80 

100.00 
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Length  in 
meters. 


Level : I  66  167 .  39 

Grades  Irom  0.005 '  21  175.00 

0.005  too. 010 33  598.09 

0.010to0.012 20  796.92 

0.012  too. 014 I  42  376.00 

O.OlltoO.015 67  538.40 


Percent,  of 
total  length. 


26.46 

8.40 

13.34 

8.24 
16.79 
26.77 


Totals  252  251.80 


100.00 


The  width  at  formation  level  is  5.40  m.  in  embankment  and  5  m. 
in  cuttings.  There  are  many  and  most  important  constrtictive  works 
on  this  line  and  13  tunnels  with  the  aggregate  length  of  3  822.62  m. 
The  stations  are  27  in  number,  including  that  of  Pampilhosa  which 
is  common  to  the  Northern  line. 

Goods  and  Passenger  Traffic. — The  number  of  passengers  conveyed 
in  the  year  1890  was  227  216,  and  the  number  of  tons  of  merchandise 
at  low  speed,  102  875. 

The  proportion  of  i^assengers  in  the  different  classes  was  of  6.92%" 
for  first  class,  16.53"^  for  second  class,  and  7G.-y:"o  for  third  class. 

The  gross  earnings  in  1890  amounted  to  8  197  francs  and  the  coef- 
ficient of  the  working  was  46.2  per  cent. 

The  run  of  trains  between  Figueira  and  Villar  Formoso  is  accom- 
plished in  11  hours,  including  the  stoppage  of  45  minutes  at  Pampilhosa. 

NARROW-GAUGE  RAILWAYS. 
Line  from  Oporto  by  Povoa  de  Varzim  to  Villa  Nova  de  Famalicao. 
This  line,  beginning  at  Oporto,  follows  by  the  seaside  to  Povoa  de 
Varzim,  where  it  bends  towards  Villa  Nova  de  Famalicao,  joining  there 
the  Minho  Railway.  Its  technical  conditions,  both  in  plan  and  jjrofile, 
are  condensed  in  the  following  tables,  the  line  having  been  built  and 
being  worked  without  any  charge  to  the  State. 


Alignment. 

Length  in 
meters. 

Percent,  of 
total  length. 

46  13G.98 
151.80 

1  737.00 
4  575.58 

2  448.00 
1  475.7] 

750.15 

80.57 

0.26 

"                "      from  100  to  200  m 

3.03 

"                 "           ■•     200  to  300  m 

8.00 

"                '■          "    300  to  400  m  

4.26 

"                "          "    400  to  500  m .• 

2.57 

1.31 

Totals 

57275.22 

100.00 
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Grade. 

Leugth  iu 
meters. 

Percent,  of 
total  length. 

13  644.58 
i  310.26 
8  617.08 
7  912. SO 

22  790.40 

23.82 

•Grades  from  0  005  

7.53 

"        "      0.005  to  0.010 

15.04 

"        "      O.OIO  to  0.015 

13.83 

"        "      0.015  to  0.238 

39.78 

Totals 

57  275.22 

100.00 

The  width  of  the  line  of  way  is  0.90  m.  between  the  inner  edges  of 
the  rails,  the  -width  at  formation  level  in  embankment  being  3.50  m. 
and  4  m.  in  cuttings.     This  railroad  has  17  stations. 

Goods  and  Passenger  Traffic. — The  number  of  passengers  conveyed 
by  this  line  during  the  year  1890  was  351  286,  and  the  tons  of  mer- 
chandise transported  at  low  speed  were  18  880.  The  gross  earnings  in 
the  same  period  amounted  to  7  870  franc.=!  per  kilometer,  the  coefficient 
of  the  workings  being  58.91.  The  general  rates  are  0.15  franc  per 
kilometer  for  first  class  and  0.088  franc  jier  kilometer  for  second  class. 

The  Bougado  and  Guimabaes  Railway. 

This  line  begins  at  Trofa  station,  on  the  Minho  Railway,  and,  fol- 
lowing by  the  valley  of  the  River  Ave,  serves  the  town  of  Santo  Thyrso 
and  the  watering-j)lace  of  Vizella,  bending  thence  towards  Guimaraes, 
where  it  ends.  It  was  constructed  and  is  worked  by  the  Bougado 
Company  without  any  charge  to  the  State. 

Its  technical  conditions  are  condensed  in  the  folio  wine;  tables: 


Alignment. 

Length  in 
meters. 

Percent,  of 
total  length. 

Straight 

18  397.10 
6  096.36 

2  653.73 

3  511.64 
2  476.57 

55  52 

18  39 

"                "       from  200  lo  300  m 

8.00 

"               "          "     300  to  500  m 

10.60 

"               "      above  500  m 

7.49 

Totals 

33  135.40 

100  00 

Grade. 

Length  in 
meters. 

Percent,  of 
total  length. 

Level 

6  419.06 

6  455.49 
8  595.53 
4  587.54 

7  077.78 

19  37 

Grades  from  0.005 

19  48 

"        "      0.005  to  0.010 

25  95 

"        "      0.010  to  0.015 

13  84 

"      0.015to0.019 

21.36 

Totals 

33  135.40 

100.00 
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The  width  of  the  line  of  way  is  1  m. ,  and  that  at  formation  level 
in  cuttings  .3. 60  m.     It  has  14  stations. 

Goods  and  PnRsenger  Traffic. — In  the  year  1890  the  number  of 
passengers  conveyed  by  this  line  was  177  792,  and  the  number  of  tons 
of  merchandise  transi^orted  at  low  sj^eed  amounted  to  364  631.  The 
general  rates  are  0.116  franc  jDer  kilometer  for  first  class  and  0.064 
franc  per  kilometer  for  second  class.  The  gross  kilometric  earnings 
were  9  684.5  francs,  and  the  coefficient  of  the  workings  4.95  per 
cent. 

The  Fez  do  Tua  a^td  jMikaxdella  Katlway. 

This  line  begins  at  Fos  do  Tua  station  on  the  Douro  Railway,  and, 
following  its  course  by  the  left  bank  of  the  River  Tua,  ends  at  Miran- 
della,  after  a  run  of  54  699.64  m.  It  was  built  by  the  National  Com- 
pany {Companhia  nncional),  the  Government  allowing  a  guarantee 
of  5.5%"  on  109  401  francs,  kilometric  cost  calculated. 

The  technical  conditions,  both  in  plan  and  profile,  are  condensed  in 
the  following  tables : 


Aligkmest. 

Length  in 
meters. 

Percent,  of 
total  length. 

34  381.72 
2  023.22 
8  70:j.25 

2  917  84 

3  369.73 
1  670.78 
1  613.21 

62.89 

3.74 

"               <•      from  150  to  200  m 

16.09 

"               "         "      200  to  250  m 

5.39 

"                "          "      250  to  3u0  m 

6.03 

"                "           •      300  to  loom  

3.09 

2.77 

Totals 

54  679.75 

100.00 

Grade. 

Length  in 
meters. 

Percent,  of 
total  length. 

26  382.65 

12  782.58 

7  700.01 

3  813.05 

4  001.46 

48.24 

Grades  from  o  005 

23.37 

"        "       0.005  to  0.010 

14.12 

"         "      0.010  to  G.015 

7.00 

"       0.015  to  0.0175 

7.27 

Totals 

54  679  75 

100.00 

The  width  of  the  line  of  way  is  1  m.  between  the  inner  edges  of 
the   rails,   and  that  at  formation  level  3.50  m.   in  embankment  and 
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4.30  m.  iu  cuttings.     Besides  numerous  constructive  works,  there  are 
six  tunnels,  tlie  aggregate  length  of  which  is  541.75  m. 

It  has  12  stations. 

Goods  and  Passenger  Traffic. — The  number  of  passengers  conveyed 
in  the  year  1890  was  of  33  581,  and  the  amount  of  goods  traffic, 
17  327  463  kg. 

The  proportion  of  passengers  Avas  :  For  first  class,  8)'^ ;  for 
second  class,  13%;  for  third  class,  79  per  cent.  The  general  rates  are  : 
0.105  franc  per  kilometer  for  fii-st  class;  0.0888  franc  per  kilometer  for 
second  class.  The  gross  earnings  per  kilometer  were,  in  1890,  3  888 
francs,  and  the  coefiicient  of  the  working,  85  per  cent. 
The  Vizeu  Branch  Line. 

This  branch  line  commences  at  Santa  Comba  station,  on  the  Beira 
Alta  line,  and  ends  at  Vizeu,  its  length  being  49  550.23  m.  It  was 
constructed  and  is  worked  by  the  National  Company,  the  Government 
giving  a  guarantee  of  b.5%  for  interest  and  payments  of  capital,  which 
is  of  127  111  francs  per  kilometer. 

The  technical  conditions  of  this  line,  both  in  plan  and  profile,  are 
condensed  in  the  following  tables  : 


straight 

Curve  with  radius  in  150  m 

•'  "  from  150  to  200  m 

"      200  to  300  m 

"      300  to  400  m 

"  "  above  400  m 

Totals 


Length  in 
meters. 


29  226  23 

977.1 

11884.1 

5  515.79 

756  46 

1  190.55 


Percent,  of 
total  length. 


58.98 
1  97 
23.98 
11.13 
1.5-2 
242 


49  550.23 


100.00 


Level 

Grades  from  0.010 

'•      O.OIO  to  0.012. 

"  "       0.012  to  0.015 

"      0.015  to  0.018. 


Totals 49  550.23 


Length  in 
meters. 


14  421.11 
3  033.71 
3  1511.80 

12  999.21 

15  945.40 


Percent,  of 
total  length. 


29.10 

6.12 

6.35 

26.11 

32.32 


The  width  of  the  line  of  way  is  1  m,  between  the  inner  edges  of 
the  rails.     The  width  at  formation  level  in  embankment  is  4  m. ,  and 
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4.30  m.  in  cuttings.  This  line  has  12  stations,  including  the  one  of 
Santa  Coniba,  on  the  Beira  Alta  Railway.  The  general  rates  are  the 
same  as  those  in  force  on  the  Mirandella  line. 

NAVIGABLE  WAYS. 

Besides  highways  and  railways,  the  country  has  some  navigable 

livers,  the  following  being  the  most  important  : 

Kilometers. 

Minho,  navigable  for  the  length  of 51 

Lima,  navigable  for  the  length  of 38 

Douro,  navigable  for  the  length  of 200 

Vouga  and  Aveiro  estuary 80 

Mondego 124 

Tagus 265 

Sado 75 

Mira 25 

Portimao 20 

Guadiana 70 

Azambuja,  Benavente  and  Salvaten'a  canals 42 

Total 990 


Influence  of  Means  of  Communication  in  the  Economic  Development 
of  the  Country. — Considering  that  the  means  of  communication  are  the 
most  prominent  factors  in  the  economic  existence  of  nations,  it  was 
thought  advisable  to  give  some  statistical  data,  with  the  purpose  of 
showing  what  has  been  the  influence  exercised  in  the  country  by  such 
means  on  comparing  the  years  1851  and  1890. 

Maritime  Trade,  1851 — 

Number  of  vessels  which  entered  the  i^orts  of  the 

Continent  carrying  freight  or  in  ballast 7  395 

Vessels  cleared 7  830 


Total 15  225 

Tons. 

Tonnage  of  vessels  entered 500  671 

Tonnage  of  vessels  cleared 542  040 

Total 1  042  711 


I 

I 
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1890. 

Tone. 

Number  of  steam  vessels  entered  carrying  freight, 

2  728 3  526  383 

Steam  vessels  entered  in  ballast,  782 1  065  999 

Nnmber  of  sailing  vessels  entered  carrying  freight, 

1139 239  813 

Sailing  vessels  entered  in  ballast,  1  126 62  175 

Niimber  of  steam  vessels  cleared  carrying  freight, 

2  650 3  591  366 

Steam  vessels  cleared  in  ballast,  840 982  144 

Number  of  sailing  vessels  cleared  carrying  freight, 

1  670 219  341 

Sailing  vessels  cleared  in  ballast,  819 . . ._ 84  290 

Commercial  Trade,  1851 — • 

Francs. 

Importation 76  384  650 

Expoi-tation 45  713  758 

Re-exportation 13  624  234 

1890. 

Importation 326  876  666 

Exportation 178  207  222 

Re-exportation 38  535  555 

Transit 23  126  111 

Public  Revenue — 

Direct  and  indirect  taxation,  1851 57  111  112 

Direct  and  indirect  taxation,  1890 208  805  556 

The  country  continues  contributing  to  its  economic  development, 
by  giving  impulse  to  the  enlargement  of  the  common  road  and  railway 
systems,  and  by  improving  its  seaports  and  other  navigable  means  of 
transportation. 
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Railways  and  rivers  are  the  two  great  channels  of  inland  inter- 
communication available  for  a  peoj)le's  enterprise.  Some  countries 
are,  fortunately  for  themselves,  well  favored  by  the  endowment  of 
Nature  with  one  of  these  aids  of  development.  Australia  has  not  been 
so  fortunate.  Our  water-courses,  with  the  excejDtion  of  a  few,  are 
neither  navigable  nor  large,  and  even  such  as  we  have  are  only  avail- 
able under  certain  circumstances.  It  is  some  evidence  of  our  enterprise 
and  determination  as  a  people  that,  since  the  sod  of  the  first  railway 
was  turned  in  Australia,  a  little  over  40  years  ago,  we  have  never 
relaxed  in  our  j)ersistent  efforts  to  link  all  jjarts  of  the  eastern  side  of 
the  continent  together  with  iron  bands.     As  the  beginnings  of  coloni- 

XOTE. — Discussions  on  all  papers  presented  to  tbe  International  Engineering  Congress 
■will  be  published  simultaneously  in  the  number  for  December,  1893. 
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zatioa  had  its  rise  in  New  South  Wales,  so  of  course  had  the  Austra- 
lian system,  and  it  is  important  to  notice  that  the  beginning  was  quite 
in  conformity  with  English  ideas. 

Nearly  all  our  railways  are  public  property,  but  they  began  in  an 
attempt  at  jirivate  enterprise.  The  change  has  not  been  due  to  any 
economical  theorizing,  but  to  a  compulsion  of  circumstances.  The 
colonists  were  not  rich  enough  for  the  work,  and  English  capitalists 
were  not  at  that  time  awake  to  the  opportunity,  and  what  private 
enterprise  began  drifted  imavoidably  into  the  hands  of  the  Govern- 
ment.    Our  railway  policy  has  been  made  for  us  rather  than  by  us. 

Sixteen  years  after  the  opening  of  the  first  railway  line  in  England, 
a  public  meeting  was  called  in  Sydney  to  discuss  the  question  of  rail- 
way communication.  The  idea  was  well  received,  and  a  committee 
appointed  to  inquire  into  the  railway  question  and  the  cost  of  con- 
structing an  experimental  line ;  and  it  brought  up  a  report  to  the  effect 
that  a  line  could  be  laid  from  Sydney  to  Goulbum  at  a  cost  of  about 
£6  000  per  mile,  to  yield  a  profit  of  8  per  cent.  Early  in  1848  the  sur- 
vey of  the  proposed  line  was  completed.  A  petition  was  drawn  up 
and  presented  to  the  Legislative  Council  of  New  South  Wales,  which 
referred  it  to  a  select  committee.  On  the  report  of  this  committee, 
resolutions  were  passed  by  the  Council  averring  that  the  time  was  ripe 
for  the  inception  of  a  scheme  of  railway  enterprise.  Up  to  this  time 
there  had  apparently  been  no  idea  of  the  interference  by  the  State 
in  the  work  of  construction,  and  so  far  was  this  from  the  thought 
of  the  committee  that  a  recommendation  was  appended  to  its 
report,  that  the  Government  should  offer  some  jjremium  for  the  en- 
couragement of  private  enterprise.  In  November,  a  provisional  com- 
mittee was  appointed  and  a  prospectus  issued  setting  forth  the  scope  of 
the  proposed  "Sydney  Tramroad  and  Railway  Company"  with  a  cap- 
ital of  £100  000  and  interest  guaranteed  by  the  Government  for  10 
years  at  the  rate  of  5  per  cent.  The  scrip  of  the  company  was 
jH-omptly  taken  up,  although  its  aim  met  with  a  certain  amount  of 
opposition,  and  some  difiiculty  was  at  first  experienced  in  galvanizing 
the  public  mind  into  a  joractical  interest  in  what  was  then  so  novel  an 
enterprise.  When  the  first  general  meeting  of  shareholders  was  called 
in  November,  1849,  it  was  found  that  the  affairs  of  the  company  were 
in  fair  working  order.  By  December  a  survey  had  been  made  to  Par- 
ramatta  and  Liverpool,  and  in  January  of  the  next  year  the  directors  in 
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their  first  report  were  able  to  congratulate  the  shareholders  on  the  pros- 
pects of  the  enteri^rise  in  ■«  hich  they  were  engaged.  On  July  3d,  1850^ 
the  Sydney  Railway  Company  invited  the  then  Governor,  Sir  Charles 
Augustus  Fitzroy,  to  witness  at  Redfern  the  turning  of  the  first  sod 
of  the  great  railway  system  of  the  Australian  Continent  by  the  hands 
of  his  daughter,  the  Hon.  Mrs.  Keith  Stuart,  in  the  presence  of  an 
enthusiastic  concourse  of  spectators.  This  was  a  brilliant  commence^ 
ment.  But  the  comjiany  soon  found  that  the  heavy  drain  upon  its 
resources  and  the  necessarily  unj^roductive  expenses  they  were  daily 
incurring  began  to  seriously  discourage  the  shareholders  and  the- 
public,  and  very  soon  they  complained  that  the  support  of  the  Gov- 
ernment was  the  only  thing  that  continued  to  hold  the  nascent  enter- 
prise together.  The  first  contract  let  was  from  Rookwood  towards 
Svdney,  and  the  work  went  on  until  the  gold  discovery  and  the  rush  of 
population  to  the  gold  fields,  with  the  consequent  rise  in  the  price  of 
labor  and  materials,  compelled  the  company  to  release  the  contractors 
from  their  obligations. 

Another  contract  was  let  to  carry  the  work  to  Ashfield,  and  thence  to 
Parramatta;  500  navvies  were  imported,  and  an  additional  State  loan  of 
£150  000  obtained,  with  the  provision  that  the  Government  had  power 
to  name  one-half  of  the  directors,  who  had  hitherto  been  elected  by  the 
shareholders.  This  was  the  first  step  towards  the  Government  takings 
the  enterprise  into  its  own  hands.  In  January,  1854,  the  directors 
announced  at  a  meeting  that  the  cost  of  the  line  to  Parramatta  would  ex- 
ceed the  original  estimate,  owing  to  the  j)rice  of  labor  and  material,  from 
£218  240,  as  estimated  in  1852,  to  £320  000,  besides  £97  000  for  Darling 
Harbor  Works.  The  capital  was  increased  by  £100  000,  and  another 
loan  of  £150  000  was  obtained  from  the  State  on  the  same  conditions 
as  before.  By  January  of  the  next  year  the  estimate  for  the  Parramatta 
line  had  risen  to  £500  000,  and  the  shareholders  were  convinced  at  last 
that  the  prospects  of  i^rofit  on  their  courageous  enteri^rise  had  finally 
disappeared. 

In  1853  another  movement  was  initiated  to  carry  a  railway  line 
from  Newcastle  to  Maitland,  a  jirovisional  committee  being  formed 
and  a  capital  of  £100  000  subscribed  immediately.  In  the  course  of 
12  months,  however,  this  comjiany  also  found  the  work  beyond  its 
powers,  and  the  inevitable  result  came  to  jjass  in  the  taking  over  of 
the  affairs  of  both  comi^anies  by  the  Government  of  New  South  Wales- 
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iu  the  year  1854.  More  money  and  renewed  vigor  were  put  into  the 
enterprise  \inder  State  management,  and  in  September,  1855,  five  years 
after  the  first  sod  was  turned,  and  nine  years  after  tlie  railway  project 
was  mooted,  the  line  from  Sydney  to  Parramatta  was  declared  open 
for  traflfic,  and  the  Government  Railway  System  of  New  South  Wales 
practically  inaugurated  at  last. 

But,  although  the  railway  system  had  its  inception  in  New  South 
Wales,  it  was  in  Victoria  that  the  first  line  was  open  for  actual  traffic. 
The  line  from  Melbourne  to  Sandridge  was  not  commenced  until 
January,  1853.  It  was  constructed  by  a  private  company,  and  in  Sep- 
tember, 1854,  the  line  was  opened.  The  first  section  of  the  South 
Australian  Railway  was  from  Adelaide  to  Gawler,  which  was  opened  in 
October,  1857,  the  distance  being  25  miles. 

In  New  Zealand  the  first  railway  line  thrown  open  was  at  Lyttleton 
((Canterbury  District)  in  December,  1863.  Queensland  followed  on 
July  31st,  1865,  with  a  line  from  Toowoombah  to  Ipswich.  Tasmania 
oijenedits  first  section  on  August  19th,  1869,  and  the  first  sod  of  the 
West  Australian  Railway  was  turned  by  Governor  Weld  on  Novem- 
ber 22d,  1874.  The  progress  in  all  the  colonies  has  been  in  every 
way  wonderful,  when  the  sparseness  of  the  population  and  their 
resources  are  taken  into  consideration.  In  New  South  Wales,  after 
the  opening  of  the  first  short  line,  the  work  of  railway  construction 
languished  for  at  least  20  years,  though  only  three  were  allowed  to 
pass  without  at  least  some  progress  being  made.  These  exceptions 
were  the  years  1859,  1865,  1866.  When  two  decades  had  passed,  only 
437  miles  of  railway  were  open  in  New  South  Wales,  and  at  the  end  of 
1892  the  total  length  of  railway  lines  in  the  Colony  was  2  359  miles.  To 
this  must  be  added  the  private  line  between  Moama  and  Deniliquin, 
connecting  with  the  traffic  from  Echuca.  The  cost  of  Government 
lines  up  to  1893  amounted  to  over  £30  000  000. 

The  routes  are  known  as  the  Great  Northern,  Great  Western  and 
«Great  Southern  lines.  The  first,  which  for  many  years  had  its  termi- 
nation at  Newcastle,  has  now  been  connected  with  Sydney,  and  one  of 
the  great  works  is  the  bridge  over  the  Hawkesbury  River.  (This 
bridge  was  started  in  September,  1886,  and  finished  in  April,  1889, 
and  cost  £400  000.  The  contractors  were  the  Union  Bridge  Company 
of  New  York.)  This  line  runs  through  the  Newcastle  coal  district, 
Ihe  agricultural  valley  of  the  Hunter  River,  the  rich  pastoral  country 
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of  New  England,  connecting  witli  the  line  to  Brisbane  on  reaching  the 
Queensland  border. 

The  Great  Western  line  passes  over  that  marvel  of  engineering  skill 
known  as  the  Zig  Zag,  and  passes  on  by  Bathiirst  and  Dubbo  to 
Bourke. 

The  Great  Southern  line  branches  from  the  junction  at  Granville, 
and  traverses  the  southern  districts  through  Goulbum  and  Wagga 
Wagga  and  other  principal  towns  on  the  route  to  Albury,  where 
a  junction  is  effected  with  the  Victorian  line  to  Melbourne.  The  con- 
nection of  the  two  chief  cities,  the  most  important  feat  in  railway  con- 
struction in  Australia,  was  finally  effected  by  a  bridge  over  the  River 
Murray  at  Wodonga  in  1883.  Besides  these  main  lines  there  are  many 
branch  lines. 

In  New  South  Wales  the  standard  gauge  is  4  ft.  8^  ins. ;  in  Queens- 
land, 3  ft.  6  ins.,  and  in  Victoria,  5  ft.  3  ins.  On  both  the  New  South 
Wales  frontiers  there  is  therefore  a  break  of  gauge. 

It  is  now  proposed  to  consider  the  railway  system  of  New  South 
Wales,  and  to  compare  it  briefly  with  the  railway  systems  of  England 
and  America. 

The  Road. — It  would  be  impossible,  in  a  paper  like  the  present,  to  go 
into  all  the  details  of  modern  railway  construction,  so  it  is  proposed  to 
consider  one  or  two  jsoints,  and  then  deal  somewhat  fully  with  the 
various  forms  of  permanent  way.  One  matter  which  has  been  too  often 
overlooked  by  engineers,  when  constructing  lines  with  sharp  curves,  is 
the  question  of  easing  off  the  junction  of  the  straight  and  curved  por- 
tions of  railways,  and  the  junction  of  reversed  curves  by  a  gi-adual 
increase  of  curvatures.  Engineers  are  fully  alive  to  the  advantages  of 
easing  of  curves,  and  the  custom  of  introducing  transition  curves  is 
fast  becoming  universal.  The  disagreeable  "lurch"  which  is  felt  on 
entering  sharp  curves  is  only  too  well  known  to  those  who  travel  on 
lines  like  those  of  New  South  Wales.  The  railways  of  this  colony  are 
most  exceptional  in  their  character,  having  been  constructed  with  an 
enormous  proportion  of  steep  gradients,  the  worst  grades  being  on  the 
trunk  lines  and  so  situated  that  the  whole  volume  of  traffic  has  to  pass 
over  them. 

The  difficulties  surrounding  the  working  of  this  colony's  railways, 
having  more  than  2  000  miles  of  single  line  and  exceptionally  sharp 
curves — and  the  steej)est    grades  being  also  on  the  main  lines — will 
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be  readily  understood  ■when  it   is   said  that  there  are  629  miles  of 
grades,  varying  from  1  in  30  to  1  in  75  in  the  following  proportions : 


Gbadieht. 

As  originally 
constructed. 

Total. 

As  improved  by 
deviations. 

Total. 

lln  30  to  1  in  33 

Miles.     Chains. 
26             20 
165             25 
183              60 
112              12 
144              59 

Miles. 

'ioo 

374 
486 
631 

Chains. 

"45 
25 
37 
16 

Miles.      Chains. 
24              54 
165              25 
183                9 
109                6 
146              60 

Miles. 
189 
373 
482 
628 

Chains. 
79 

1  In  34  to  1  in  40 

8 

1  in  41  to  1  in  50 

14 

lin  51  tol  in  60 

74 

1  in  61  to  1  in  75 

631              16 

628              74 

The  Great  "Western  line,  for  instance,  is  more  difficult  to  work  than 
any  of  the  Alpine  railways,  the  ruling  grade  (see  Fig.  1),  radius  of 
curve  and  frequent  loss  of  elevation  which  has  to  be  regained  being 
all  against  the  railways  of  this  colony.  The  following  table  will 
illustrate  clearly  the  various  lines  in  question  : 


• 

Kailway. 

Length 

of  incline. 

Miles. 

Rise. 
Feet. 

Maximum 

grade, 
ascending. 

Sharpest 
curve. 
Chains. 

22.25 

24.75 

25.25 

18.5 

29.5 

15.5 

30. 

2  586 
2  637 
2  793 

2  100 

3  248 

1  477 

2  105 

lin  40 
lin  33 
lin  33 
lin  38 
1  iu  30 
lin  30 
lin  40 

14  16 

17 

24. 

St.  Gothard 

14.50 

New  South  Wales,  West 

8. 

"           ".        South 

16. 

'•            "          Xorth 

12 

Lurching  is  principally  caused  by  the  fact  that  it  is  necessary  to 
work  up  the  superelevation  of  the  outer  rail  on  the  straight  j^ortion 
of  the  road  before  the  curve  is  reached;  consequently,  the  wheels  slide 
down  to  the  low  side,  and  the  flanges  rub  hard  on  the  low  rail  immedi- 
ately before  entering  the  curve,  and  in  taking  the  curve  the  flange  on 
the  low-side  leading  wheels  suddenly  leaves  the  low'  rail,  and  the  flange 
on  the  high  side  strikes  the  high  rail,  causing  the  carriage  to  lurch. 

With  a  proijerly  laid  out  transition  curve  the  radius  is  infinity  at  the 
point  of  inflection,  and  decreases  until  at  the  point  where  it  joins  the 
circle  the  radius  of  the  transition  curve  is  equal  to  that  of  the  circle; 
therefore  the  superelevation  can  be  gradually  woi'ked  up  from  the 
point  of  inflection,  and  there  will  be  no  tendency  for  the  flanges  of  the 
leading  wheels  to  take  the  low  rail,  as  is  the  case  when  the  supereleva- 
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tiou  is  worked  up  on  the  straight,  and,  consequently,  there  is  no  sud- 
den lurch.  The  i)ractical  aijplication  is  very  simple,  and  the  following 
exami)le  may  be  sufficient  to  explain  the  matter. 

For  instance,  take  two  reverse  curves  of  8-chain  radius  with 
two  chains  of  straight  between  them;  to  construct  the  transition  curve, 
all  that  is  necessary  is  to  lay  off  parallel  tangents  at  a  distance  of  one- 
third  the  offset  at  one  chain,  that  is,  16i  Ins.,  and  from  the  parallel 
tangent  set  out  the  8-chain  curves  in  the  ordinary  way,  then  the 
transition  curve  will  meet  the  circle  at  a  point  one  chain  from  the  tan- 
gent i)oints  and  will  pass  midway  between  the  original  and  the  new  tan- 
gent i^oints,  and  the  origin  of  the  curve  will  be  one  chain  back  from 
the  tangent  point. 

It  will  be  seen  in  the  above  example  that  the  only  extra  work  in- 
volved is  to  set  out  the  curve  16|^  ins.  inside  the  ordinary  curve  where 
no  transition  curve  is  introduced. 

One  question  that  deserves  attention  is  the  easing  changes  of  grade 
by  vertical  curves;  where  the  changes  of  grades  are  not  properly  eased 
off,  the  risk  of  breaking  couplings  is  very  great,  especially  the  case 
where  there  is  an  abrupt  change  from  a  falling  to  a  rising  gi-ade. 

Permanent  Way. — The  standard  rail  for  the  New  South  Wales  rail- 
ways is  an  80  lbs.  to  the  yard  steel  rail,  and  at  present  no  less  than  200 
miles  exist.  The  sleepers  are  laid  2  ft.  7  ins.  center  to  center,  each 
sleeper  averaging  in  weight  over  2  cwt.  1  qr.  The  lightest  rails  are  71- 
Ib.  steel  rails,  but  much  of  the  road  is  75-lb.  iron  and  steel,  and 
80-lb.  steel  rails.  The  question  of  the  weight  of  a  rail,  however,  is 
rather  one  of  economy  than  security,  as  the  71-lb.  steel  rail  is  suf- 
ficiently strong  to  carry  an  engine  weighing  considerably  over  58  tons. 

A  table  is  given  on  the  following  page  showing  the  weight  of  engines 
run  iii^on  those  rails  and  the  weight  of  rails  in  use  in  other  parts  of  the 
world,  together  with  some  particiilars  of  the  weight  borne  by  some  of  the 
dri^'ing  wheels. 

At  the  Annual  Convention  of  Master  Mechanics  and  Locomotive 
Superintendents,  held  in  1891,  a  committee  of  the  Society  reported 
that  the  limit  of  weight  per  driving  axle  should  be  14j  tons  for  rails 
under  60  lbs. ,  and  16  tons  1  cwt.  for  rails  over  that  weight. 

The  Lancashire  and  Yorkshire  Comjaany  have  running  upon  their 
lines  about  300  engines,  with  a  weight  upon  a  pair  of  driving  wheels 
of  from  15  tons  10  cwt.  1  qr.  to  17  J  tons  ;  the  Great  Western  of  England 
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carry  15i  tons  to  16i  tons  on  a  pair  of  wheels;  the  Midland  Railway- 
Company  carry  17  J  tons  on  the  driving  axle  of  an  express  engine.  It 
is  a  practice  in  America  to  run  engines  with  as  great  a  weight  as  17 
tons  to  19  tons  on  one  axle,  at  high  speeds,  on  rails  varying  in  weight 
from  56  lbs.  to  70  lbs. 

The  Spacing  of  Sleepers. — In  dealing  with  this  question  it  must  be 
borne  in  mind  that  it  is  not  determined  solely  by  questions  of  strength, 
but  by  the  fact  that  a  suflScient  bearing  area  must  be  obtained 
for  the  rail  on  the  sleeper  for  the  class  of  wood  used,  and  for 
the  sleeper  on  the  ballast.  With  the  soft  woods  in  use  in  EurojDe  and 
America,  it  is  absolutely  necessary  that  the  bearing  surface  of  the  rail 
and  sleeper  should  be  large  enough  to  prevent  the  rail  cutting  into 
the  sleepers.  In  England  this  is  guarded  against  by  using  cast-iron 
chairs,  and  in  America  by  placing  the  sleepers  closer  together.  Even 
with  this  precaution,  continual  trouble  is  experienced  in  consequence 
of  the  rails  and  chairs  cutting  into  the  soft  woods,  which  involves  con- 
stant attention  to  prevent  the  rails  from  becoming  loose. 

The  iron  bark  sleepers  we  possess  in  this  colony  are  so  hard  and 
durable  that  the  fastenings  retain  their  hold  exceedingly  well  for  years, 
and  the  rail  cuts  but  slightly  into  the  timber. 

A  very  important  matter  to  be  considered  in  connection  with  the 
jDermanent  way  is  the  weight  of  the  road,  as  compared  with  that  of 
the  rolling  stock  passing  over  it,  as  the  weight  of  the  road  as  a  whole 
measures  its  resistance  to  the  blows  of  traffic.  The  foUo-wang  state- 
ment shows  the  weight  of  1  mile  of  permanent  way  of  the  three  types 
of  road  in  this  colony,  compared  with  the  standard  main  line  of  a 
leading  railway  company  in  England. 


Weight  of  1  mile  of  pei  manent  way. 


New  Sonth  Wales 


75-lb.  D.  H.  iron  rails  laid  in  27-lb.  cast-iron 
chairs  upon  iron  bark  sleepers  9  ft.  long  by  10 
ins.  wide,  by  5  ins.  thick,  3  ft.  apart  centers 

71,'ilb.  T  steel  rails  laid  upon  iron  bark 
sleepers  8  ft.  long  by  9  ins.  by  4>i  ins.,  2  ft 
l^i  ins.  centers 

71J|-lb.  X  steel  rails  laid  upon  iron  bark 
sleepers  9  ft.  long  by  10  ins.  by  5  ins.,  2  ft. 
7,'j  ins.  centers 

80-lb.  T  steel  rails  laid  on  iron  bark  sleepers 
9  ft.  l3y  10  ins.  by  5  ins.,  2  ft.  7  ins.  centers. . 

84-lb.  buU-headed  rails  laid  in  45-lb.  cast-iron 
chairs  upon  creosoted  Baltic  sleepers  9  ft. 
by  10  ins.  by  6  ins.,  3  ft.  apart  centers. 


Railways . 
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The  weight  of  the  standard  Baltic  timber  in  use  on  the  leading 
lines  in  England,  9  ft.  long  by  10  ins.  by  5  ins.,  creosoted,  is  160  lbs., 
and  in  this  colony  that  of  the  iron  bark  sleepers  of  similar  dimensions 
is  2.52  lbs.  As  regards  the  durability,  the  life  of  the  iron  bark  sleeper 
is  fully  double  that  of  the  Baltic  sleejier. 

In  this  colony's  railways  the  rails  are  generally  laid  on  sleepers 
placed  2  ft.  7  ins.  to  2  ft.  8  ins.,  center  to  center,  on  the  straight;  and 
in  sharp  curves  of  less  than  15  chains  radius,  sleepers  are  placed  as 
close  as  2  ft.  4  ins.,  center  to  center,  and  in  curves  from  15  to  30  chains 
radius,  2  ft.  9  ins.,  center  to  center.  It  is  well  known  to  engineers  that 
the  spacing  of  sleepers  plays  the  most  important  part  in  the  stability 
of  a  railway. 

From  the  "  Encyclopaedia  Britannica  "  of  1886  the  following  facts 
from  ai-ticles  written  by  D.  K.  Clark,  C.  E. ;  Professor  A.  T.  Hardy  and 
A.  M.  Wellington,  C.  E.,  are  extracted: 

In  the  United  States  the  Vignoles  rails  are  universally  used  for 
railways.  No  railways  with  any  considerable  traffic  are  now  laid 
down  with  less  than  60  lbs.  per  yard.  The  Pennsylvania  railway, 
laid  to  a  gauge  of  4  ft.  9  ins.,  is  constructed  of  flange  rails,  in  lengths 
of  30  ft.  Allowance  for  expansion,  when  rails  are  laid  in  winter, 
is  provided  by  laying  the  rails  1%  in.  apart,  endwise;  in  summer  a 
space  of  only  ra  in.  in  width  is  allowed.  The  cross-sleepers 
are  8  ins.  wide  by  7  ins.  deep  by  8^  ft.  in  length;  they  are  laid  so 
closely  that  the  maximum  distance  apart  between  the  centers  does  not 
exceed  2  ft.  There  are  16  sleepers  for  each  length  of  30  ft.,  and  the 
sleepers  at  the  joints  are  laid  with  a  clearance  of  over  10  ins.  between 
them.  The  rails'  are  fastened  with  spikes  to  the  sleepers  at  the  inside 
and  outside.  The  width  of  the  double  line  of  way  at  the  formation 
level  is  31  ft.  4  ins.  in  cuttings,  and  on  embankments  the  width  of  for- 
mation is  24  ft.  2  ins. ,  sloping  from  the  center  at  the  rate  of  1  in  20. 
The  ballast  is  laid  to  a  depth  of  not  less  than  12  ins.  under  the 
sleejiers,  and  is  filled  into  the  level  of  the  upper  surface  of  the  sleepers. 
Where  stone  ballast  is  used  it  is  often  broken  to  a  uniform  gauge  of 
2i  ins.  For  double  lines,  large  stones  are  placed  in  the  bottom  at  the 
center  between  the  lines,  to  allow  for  drainage. 

The  sleepers  (in  America  called  ties  or  cross-ties)  are  usually  of 
white  oak,  hewn  on  toji  and  bottom  with  the  natural  surface  of  the 
tree  on  the  sides.  The  usual  dimensions  are  6  to  7  ins.  thick;  8,  8 J  to 
9  ft.  long;  and  8  to  10  ins.,  or  even  12  ins.,  face.  The  usual  rule  is  to 
place  them  2  ft.  or  less  apart,  and  2  640  to  2  700  to  the  mile.  The 
large  bearing  surface  thus  afforded  has  especially  favored  the  use  of 
the  flat-based  or  Vignoles  rail,  and  it  is  in  exclusive  use  throughout 
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North,  and  for  the  most  part  of  South,  America.  The  rails  now  most 
largely  rolled  weigh  from  56  to  65  lbs.  per  yard.  In  the  north  and 
east  rails  of  70,  72,  75  and  80  lbs.  sections  are  in  limited  but  increasing 
use.  The  close  propinquity  of  sleepers  gives  much  greater  stiffness 
to  the  rail  than  comparative  weight  alone  would  indicate,  a  60-lb.  rail 
being  fully  equivalent  in  stiflness  and  strength  to  an  80-lb.  rail,  sup- 
ported on  chairs  3  ft.  between  centers. 

From  the  above  it  will  be  seen,  though  the  rail  is  lighter,  the  spac- 
ing of  the  sleepers  makes  the  road  equal  to  the  New  South  Wales 
standard  80-lb.  rail  with  sleepers  spaced  3  ft.  apart. 

For  comparison,  it  may  be  stated  that  Belgium  has  about 
3  250  miles  of  railway,  of  which  about  2  000  miles  are  owned  and 
operated  by  the  State.  The  standard  rails  of  flange  section,  29  ft.  6 
ins.  long,  weigh  about  104  lbs.  per  yard.  They  are  fastened  to  the 
ties  by  screw  spikes,  while  ordinary  spikes  are  used  for  the  lighter 
rails.  The  rails  are  laid  with  square,  suspended  joints,  spliced  by 
heavy  angle  bars,  2  ft.  3  ins.  long,  Avith  four  bolts,  the  angles  being 
fastened  to  the  ties  by  screw  spikes,  and  on  all  ties  and  tie  plates. 
There  are  12  ties  to  a  rail  length,  spaced  2  ft.  at  the  joints,  and  2  ft.  4 
ins.  to  2  ft.  8  ins.  intermediate. 

In  New  South  Wales  railways  the  ballast  is  laid  to  a  depth  of  12  to 
15  ins.,  and  no  less  than  700  000  tons  of  ballast  have  been  used;  out  of 
that  quantity  600  000  tons  have  been  blue  metal,  hard  quartz  or  slag. 
In  regard  to  the  ordinary  repairs  to  the  permanent  way,  it  may  be 
mentioned  that  for  relaying  alone  there  has  been  paid  during  the  last 
three  and  a  half  years  the  sum  of  £230  000. 

O^ning  to  the  introduction  of  heavier  rolling  stock  to  meet 
modern  requirements,  it  has  been  found  necessary  by  all  the  large  rail- 
way companies  throughout  the  world  to  strengthen  the  permanent 
way  on  their  busier  lines.  Heavier  rails  are  being  introduced,  and 
sleepers  are  closer  spaced  ;  and  this  is  not  done  in  the  interests  of  safety 
alone,  but  also  on  economical  grounds,  as  on  many  lines  the  existing 
permanent  way  was  sufficiently  strong  to  carry  the  increased  weights 
at  the  greater  speed  now  aimed  at. 

From  the  New  South  Wales  Railway  Budget  the  table  on  the  follow- 
ing page  giving  some  particulars  of  the  heavier  rails  recently  adopted 
on  the  several  lines  is  extracted: 
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From  the  latest  statistical  iuformation  available  it  appears  that 
there  are  about  383  tiOO  miles  of  railways  in  operation  throxighout  the 
world.  Of  these  207  lU,  or  54:.!%,  are  in  America;  138  000,  or  35.900", 
in  Europe;  21  100,  or  5.5%,  in  Asia;  11  984,  or  3.1%,  in  Australia;  and 
5  372,  or  1.4%",  in  Africa.  The  mileage  of  the  United  States,  viz., 
166  410  miles,  is  greater  than  that  of  the  whole  of  Europe. 

If  the  live  leading  European  countries  are  taken,  they  stand  thus 
in  regards  to  mileage  :  Germany,  26  623  miles;  France,  24  157  miles; 
the  United  Kingdom,  20  090  miles;  Russia,  19  251  miles;  and  Austro- 
Hungary,  16  837  miles.  i 

If  the  ratio  of  mileage  to  the  number  of  inhabitants  is  taken,  the 
countries  rank  diflferently.  France  comes  first,  with  6. 2  miles  for  each 
10  000  inhabitants;  Germany  second,  with  5.6;  the  United  Kingdom 
thii'd,  with  5.2;  Austro-Hungary  and  Russia,  fourth  and  fifth,  with  4.1 
and  2.0  respectively. 

The  Australian  Colonies  show  far  higher  mileages;  for  instance,  in 
Queensland  we  have  56.6  miles  for  every  10  000  inhabitants;  South 
Australia  follows  with  52 miles;  then  New  Zealand  with  28.3;  Victoria 
with  25.2;  and  New  South  Wales,  20  miles. 

Considering  the  number  of  persons  per  mile  of  line,  the  figures  are : 
France,  1  582;  Germany,  1  706;  the  United  Kingdom,  1  913;  Austro- 
Hungary,  2  434;  Russia,  4  987;  Queensland,  176;  South  Australia,  196; 
NeAv  Zealand,  358;  Victoria,  399;  and  New  South  Wales,  501. 

In  the  above  comparisons  the  United  Kingdom  ranks  third  among 
the  European  States;  but  it  must  not  be  overlooked  that  the  size  of 
the  country  and  the  density  of  population  are  important  factors  in 
railway  matters.  If  these  be  taken  into  consideration  the  United 
Kingdom  ranks  first  wdth  318  persons  and  0. 17  mile  of  line  per  square 
mile;  Germany  takes  second  place  with  225  persons  and  0.13  mile; 
then  follows  France  with  187  persons  and  0. 12  mile;  Austro-Hungary 
with  155  i^ersons  and  0.07  mile;  and,  lastly,  Russia  with  46  persons 
and  0.01  mile  of  line  per  square  mile. 

The  table  on  the  following  page  gives  detailed  information  respect- 
ing railway  mileage,  population,  miles  of  line  per  10  000  inhabitants, 
and  the  number  of  persons  to  each  mile  of  railway. 

Boiling  S/ock. — In  the  development  of  railways  the  design  of  rolling 
stock  has  gone  through  various  stages,  and  in  early  days  a  very  w-ide 
latitude   was    given   for    experiments,    more    especially  in  America, 
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Miles  of 
Bail  way. 


Population. 


Miles  of 
railway  per 
10  obu 
inhabit- 
ants. 


Persons 

per  line  of 

mile. 


EUBOPE. 

Germany 

France 

The  United  Kingdom 

Russia 

AuBtro-Hungary 

Italy •••• 

Spain 

Norway  and  Sweden  .... 

Belgium 

Switzerland 

Denmark 

Other  European  States... 


Total 


Amzbica. 

United  States 

Canada  

Argentine  Eepublic 

Kemaining  States 


26  623 

24  157 

20  090 

19  251 

16  837 

8  112 

7  452 

2  503 

2  263 

1  875 

1  203 

7  634 


138  000 


166  410 

15  000 

5  427 

20  307 


46  875  705 

38  218  903 

38  443  295 

96  009  247 

40  986  000 

30  947  306 

17  550  246 

6  732  800 

6  093  798 

2  934  057 

2  172  705 

22  907  438 


5.6 
6.3 
5.2 
2.0 
4.1 
2.6 
4.2 
3.7 
3.7 
6.4 
5.5 
3.3 


1  706 
1  582 

1  913 
4  9-7 

2  iO- 

3  «13 
2  355 
2  69S 

2  693 
1  565 
1  805 

3  001 


349  873  000 


3.9 


2  536 


62  875  956 
5  075  855 
4  086  492 

49  296  69 


26.4 

29.6 

13.3 

4.2 


378 

33« 

750 

2  427 


Total 207  144 


121  3-35  OOO 


17.1 


585 


Attstbaua. 

New  South  Wales 

Victoria 

Queensland 

New  Zealand 

South  Australia 

Western  Australia 

Tasmania 


Total 


Asia. 

India 

Japan  

Russian  Transcaspian  . . 

Dutch  Colonies 

Ceylon 

China 

All  other  countries 


Total 


2  359 
2  903 
2  320 
1  869 
1  660 
499 
370 


11  984 


428 
901 
814 
192 
124 
77 


21  100 


Afbica. 

Algeria  and  Tunis 

Cape  Colony 

Egypt 

Natal 

Mauritius 

All  other  countries 


925 
863 
960 
376 
92 
156 


Total 

Grand  total. 


5  372 


1 182  500 
1 159  729 
410  330 
668  651 
325  723 
49  835 
146  667 


20 
25.2 
56.6 
28.3 
52 

124.7 
26.7 


501 
399 
176 
358 
196 
100 
393 


30.5 


210  754  000 
39  607  000 
7  284  000 
22  820  000 
3  000  000 
404  180  000 
142  954  000 


0.83 

0.36 

1.12 

0.36 

0.64 

0.003 

0.005 


12  000 

27  736 
8  085 

28  034 
15  625 

3  259  506 
1  856  546 


830  599  000 


0.254 


5  317  000 
1  524  000 

6  806  000 
530  000 
372  000 

188  772  000 


3.7 

12.3 

1.5 

7.1 
2.4 
0.09 


39  364 


2  762 
818 
7  090 
1  409 
4  044 
210  076 


1  509  071  435 


2.5 


3  943 
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where  patents  for  every  jjossible  contrivance  were  taken  out ;  but  at 
the  j)re.sent  time  a  very  strong  tendency  has  set  in  to  reduce  every 
thing  to  a  standard,  and  although  the  Americans  are  keenly  alive  to 
all  improvements,  yet,  as  far  as  possible,  it  is  attemjited  to  reduce 
every  detail  down  to  a  standard  form.  Nor  is  this  tendency  confined  to 
America,  as  for  many  years  past  the  large  railway  companies  of  Eng- 
land have  been  concentrating  their  attention  in  the  same  direction. 

A  very  interesting  series  of  standard  types  of  locomotives  and  car- 
riages has  been  developed  on  the  London,  Brighton  and  South  Coast 
Railway.  The  Avhole  of  the  rolling  stock  on  these  lines  has  been  con- 
structed in  the  comi^any's  workshops  to  their  own  templates,  thus 
enabling  all  rejjairs  and  renewals  to  be  rapidly  and  economically  car- 
ried out.  The  carriages  of  this  line  are  of  a  very  neat  pattern,  being 
built  to  a  uniform  design,  and  have  a  very  good  appearance.  The 
central  buffer  and  draw  gear  of  the  carriages  on  the  London  and 
Metropolitan  Railway  are  very  ingenious  and  enable  the  train  to  j^ass 
round  sharp  curves  with  great  ease.  The  London  and  North  "Western 
Railway  has  also  carried  out  the  system  of  building  their  rolling- 
stock  to  a  uniform  i^attern.  This  company,  too,  manufactures  the 
whole  of  their  stock  in  their  own  workshops. 

In  England  the  individual  railway  companies  have  adojited  stand- 
ards of  their  own,  yet  the  standards  of  no  two  companies  agree  ;  for 
instance,  each  of  three  of  the  leading  companies  running  from  London 
has  its  own  type  of  engines  and  carriages,  and  although  each  has  the 
same  class  of  traflSc  to  deal  with,  it  has  engines  of  entirely  different 
types  in  use. 

On  the  Midland  Railway  the  exj^ress  traffic  has  been  worked  with  four 
coupled  engines  with  wheels  7ft.  in  diameter,  cylinders  18  ins.  diameter 
and  26-in.  stroke,  with  a  four-wheeled  bogie  in  front.  On  the  Great 
Northern  Railway,  the  engines  used  for  fast  traffic  have  driving  wheels 
8  ft.  in  diameter,  outside  cylinders  18  ins.  and  28  ins.  stroke.  On  the 
London  and  North  Western  Railway,  the  express  traffic  was  worked 
with  four  coupled  engines,  with  inside  cylinders  17  ins.  diameter, 
with  24-in.  stroke  and  5  ft.  6-in.  wheels. 

In  regard  to  locomotives,  a  long  article  might  bo  devoted  to  the 
comparison  of  the  practice  of  the  various  countries.  In  America 
there  are  a  number  of  distinct  types,  classed  according  to  the  num- 
ber and  arrangement  of  the  wheels,  but  with  special  features  of  design 
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and  detail  introduced  by  the  builders.  There  is  a  great  diversity  of 
types  of  engines  in  England.  Tank  engines,  usually  with  side  tanks, 
are  generally  used  for  the  suburban  traffic  in  England  and  New  South 
Wales  ;  while  for  the  same  class  in  America,  engines  have  generally  a 
tank  at  the  frame.  In  England  the  various  companies  have  in  a  more 
or  less  i^erfect  way  adopted  standards  of  their  own,  but  the  tendency 
of  American  j^ractice  is  to  adopt  a  far  more  general  system  of  stand- 
ards ;  for  the  vast  extent  of  railways  in  America,  o'mied  by  a  large 
number  of  different  companies,  having  an  enormous  traffic  necessitating 
the  stock  of  one  company  traveling  over  the  lines  of  other  companies, 
it  is  evident  that  if  the  various  details  of  car  or  wagon  stock  could  all 
be  made  to  the  one  system  of  standards,  any  repairs  that  might  be 
necessary  to  the  stock  of  one  company  could  be  quickly  executed. 

In  New  South  Wales  there  are  28  recognized  types  of  engines,  in- 
cluding all  the  new  American  and  English  engines,  and  a  total  stock 
existing  at  i^resent  of  481  engines  ;  331  of  these  belong  to  four  types. 
Some  of  the  engines  have  been  manufactured  in  the  Colony,  and  the 
others  have  been  imjjorted  from  the  following  firms,  viz. :  Dubbs  & 
Co.,  Glasgow;  Manning,  Wardle  &  Co.,  Newcastle-on-Tyne  ;  Beyer, 
Peacock  k  Co.,  Manchester,  and  Burnham,  Parry,  Williams  &  Co., 
Baldwin  Locomotive  Works,  Philadelphia,  U.  S.  A. 

With  regard  to  the  height  of  the  center  of  the  boiler  the  express 
engines  of  this  colony  are  lower  than  a  good  many  express  engines. 
For  example,  on  the  Central  of  New  Jersey,  an  exj^ress  engine  running 
at  extremely  high  speed,  is  9  ins.  higher  than  the  Baldwin  engines  of 
New  South  Wales;  the  Baltimore  and  Ohio  engine  is  Ij  ins.  higher;  the 
New  York  Central  engine,  which  runs  the  Empire  State  Express,  one  of 
the  fastest  trains  in  the  world,  and  going  around  numerous  curves,  is 
10^  ins.  higher.  Cleveland,  Cincinnati,  Chicago  and  St.  Louis  express 
trains  are  the  same  as  in  this  colony. 

The  North  Eastern  Railway  in  England  express  engine  is  2  ins. 
higher,  and  one  of  the  engines  is  1  in.  lower.  The  Great  Northern 
standard  express  engines,  which  have  for  many  years  run  about  the 
fastest  trains  in  England,  are  5j  ins.  lower,  but  the  wheel  is  3  ft.  greater 
in  diameter. 

Of  course,  the  vital  thing  in  these  matters  is  the  height  of  the 
center  of  gravity  above  the  rails,  and  it  is  found,  by  approximate  cal- 
culations, that  the  Great  Northern  exjjress  engine  is  about  3  ins.  higher 
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iu  the  ceuter  of  gravity  tbau  the  BakUviu  engines  running  in  this 
colony ;  therefore,  the  writer  thinks  that  the  center  of  gravity  of  engines 
in  nse  in  this  oonutry  is  perfectly  safe,  that  is  to  say,  the  lO-wheelecI 
locomotives  have  a  lower  center  of  gravity  than  any  of  the  English  or 
American  engines  just  quoted. 

The  table  of  figures  on  the  following  page  is  submitted. 
The  general  dimensions  of  the  10-wheeled  Baldwin  engine  in  use  in 
this  colony  are  as  follows: 

Diameter  of  cylinder 21     ins. 

Stroke  of  piston 24 

Diameter  of  drivers   61        " 

Area  of  fire  grate   27. 7  sq.  ft. 

Ai-ea  of  heating  surface  in  firebox  (copper) 105.6       " 

Area  of  heating  surface  in  fire  tubes  (brass) 1  822.5       " 

Total 1928.1 


Tractive  force  jaer  jjound  of  M.  E.  P.  jDer  square 

inch 171  lbs. 

Maximum  boiler  pressure 160    " 

Total  weight  of  engine  in  running  order,  with  two-thii'd  glass  of 
cold  water  and  sandboxes  full : 

Tons.  Cwts.        Qrs. 

Weight  on  driving  wheels 43  11  0 

Weight  on  bogie  wheels 14         16  0 


Total  weight  of  engine 58  7  0 

Tons.      Cwts.        Qrs. 

Weight  of  tender,  emjjtv ...     13         12  0 

Weight  of  3  000  galls,  water.     13  8  0 

Weight  of  5  tons  coal 5  0  0 

32  0  0 


Maximum  weight  in  running  order  of  engine 

and  tender 90  7  0 


The  general  dimensions  of  the  30  new  10-wheeled  express  loco- 
motives built  by  Messrs.  Beyer,  Peacock  &  Co.,  of  Manchester,  Eng- 
land, and  now  riinning  on  the  New  South  Wales  Railways,  are  as  fol- 
lows: 

Cylinders,  diameter 20  ins. 

Stroke  of  piston 26     " 

Number  of  coupled  wheels 6 

Diameter  of  coupled  wheels 5  ft. 

Diameter  of  bogie  wheels 3  "     3  ins. 

Heating  surface^Firebox 130  sq.  ft. 

Tubes 1  786       " 


Total 1  916       " 

Grate  area 27       " 

Boiler  ijressure 160  lbs. 
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Tons.        Cwts.       Qrs. 

Engine— Weight  emptv 50  7  0 

In  steam . . .  /. 56         10  3 

Tender — Coal  capacity 4        10  0 

Water  capacitv 3  000  galls. 

Weight,  loaded. ...     31         16  1 

Weight,  empty 15  6  3 

Total  weight  of  engine  and 

tender       in       working  Tons.      Cwts.     Qrs. 

order 88  7  0 

Consumiition  of  fuel,  42  to  44  lbs.  per  mile. 

All  the  engines  are  fitted  with  the  most  modern  improvements,  such 
as  the  Westinghouse  automatic  brake  aiJi^lied  to  engine,  tender  and  car- 
riage wheels;  sight-feed  lubricators  for  lubricating  the  cylinders  and 
side  valves,  and  two  of  Gresham  &  Craven's  improved  injectors,  Nos.  8 
and  9,  for  feeding  the  boilers.  The  boilers  are  made  of  steel,  having 
fireboxes  of  the  Belpaii'e  pattern  and  brass  tubes. 

IVIr.  Lentz,  Locomotive  Engineer  of  the  Government  Railways,  Ger- 
many, read  an  interesting  paper  on  "  The  World's  Locomotives,"  at  a 
meeting  of  the  German  Engineering  Association  held  last  year. 

He  gave  the  total  number  of  locomotives  running  on  the  earth's 
surface  as  about  109  000,  divided  as  follows:  Europe,  63  000;  America, 
40  000;  Australia,  2  000;  Asia,  3  000,  and  Africa,  700. 

In  Europe,  Great  Britain  and  Ireland  possess  17  000  engines;  Ger- 
many, 15  000;  France,  11000;  Austro-Hungary,  5  000;  Italy,  4  000; 
Russia,  3  500;  Belgium,  2  000;  the  Netherlands  and  Spain,  1  000  each; 
Switzerland,  900;  and  the  remaining  countries,  2  600. 

In  America  the  United  States  heads  the  list  -w-ith  35  000  engines  ; 
Canada  follows  with  2  000;  and  the  remaining  States  claim  3  000. 

In  Asia,  British  India  claims  2  500  engines,  and  the  other  countries 
800. 

In  Australia,  Xew  South  Wales  possesses  481  engines ;  Victoria, 
462;  Queensland,  255;  South  Australia,  241;  Tasmania,  52;  New  Zea- 
land, 266;  and  Western  Australia,  24. 

Railway  Carriages. — In  America  there  is  a  large  amount  of  money 
and  skill  employed  in  the  construction,  equipment  and  decoration  of 
cars.  One  feature  about  them  is  the  comfort,  convenience,  luxury 
and  artistic  finish.  In  England,  dining  cars  have  been  introduced,  but 
the  lack  of  communication  with  the  rest  of  the  train  is  a  drawback  to 
their  use.     Drawing-room,  saloon,  sleeping  and  other  such  cars  are  also 
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used  iu  En^liiud.  Muuy  of  the  luodoru  carriages  are  carried  ou  four  or 
six  wheel  trucks  instead  of  upon  the  older  system  of  rigid  axles. 
Some  of  them  are  fitted  with  lavatory  accommodation,  but  the  arrange- 
ments are  crude,  and  they  are  not  projierly  looked  after.  In  New  South 
Wales,  there  are  various  types  of  railway  carriages  used,  viz.,  the 
sleeping  cars,  Pullman  cars,  American,  Ashbury,  lavatory,  express  and 
other  cars.  All  these  are  jn-incipally  manufactured  by  firms  of  New 
South  Wales,  and  any  repairs  or  alterations,  etc.,  are  carried  out  in  the 
Government  workshops.  One  feature  about  them  is  the  comfort,  con- 
venience, luxury  and  artistic  finish. 

A  brief  descrijition  of  some  of  the  various  types  of  cars  in  use  is 
added: 

Type.  Description. 

Redfern A  double  bogie  carriage  on  eight  wheels,  the 

body  made  in  six  compariments. 

Cleminson Same  as  the  Eedfern  in  every  respect,  excepting 

the   bogie,    in   which  a    slight   difference    is 
made  in  construction. 

American Long     car,    American     platform,     jiromenade 

through    the    center ;    bogie    same    as    the 
Cleminson. 

Ashbury Carriage  with  two  Ashbury  bogies  (six  wheels), 

and  divided  into  first  and  second  class  com- 
jjartmeuts. 

Eight-wheel  Eadial . .  .  Built  after  the  Eedfern  type  in  body.  Bogies 
substituted  by  four  pair  of  wheels  at  equal 
distances  apari. 

Six- wheel  Eadial A   carriage  with  six  compartments   and  three 

pair  of  wheels,  one  jiair  under  each  end  and 
one  pair  under  center  of  carriage. 

Tour-wheel Small  carriage  with  three  and  four  compart- 
ments and  two  pair  of  wheels. 

Lavatory Double   bogie   carriage,  six   comj^artments,  on 

eight  wheels,  with  lavatory  inside. 

Express Same  build  as  lavatory  carriages,  but  contains 

no  lavatory  compartments. 

Ordinary A  carriage  resembling  the  Eedfern  type  in  con- 
struction, but  have  two  ordinary  or  common 
bogies  of  eight  wheels. 
Each  of  the  above  ty^ies  can  either  be  a  first-class,  second-class  or 

composite  carriage. 

In  New  South  Wales  the  Westinghouse  automatic  brake  is  univers- 
ally used  on  passenger  trains. 
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Speed. — In  the  matter  of  average  speed,  it  must  be  admitted  tLat 
the  ordiBary  express  trains  on  English  railways  make  better  time  than 
the  same  kind  of  trains  on  Australian  and  American  railways.  The 
Central  European  Railway  Gazette  i^ublishes  a  tabulated  statement  show- 
ing the  total  daily  mileage  and  average  speed  per  hour  of  express 
trains  running  over  the  railways  of  several  continental  countries.  The 
express  trains  of  the  Prussian  Government  Railway  head  the  list  of 
average  speed  with  30. 944  miles  j^er  hour,  which,  however,  is  .  076  mile 
less  than  obtains  in  New  South  Wales.  Belgium,  with  its  almost  level 
lines,  shows  the  lowest  average  with  29.565  miles.  This  is,  however, 
only  3.685  miles  in  advance  of  the  average  speed  of  our  mail  trains,  which 
have  to  climb  steej)  grades  and  are  also  delayed  by  frequent  stoppages. 


Country. 


Total  daily- 
mileage. 


France 52  783.3 

North  Germauy 28  703.8 

Prussian  Government  Lines 27  588.1 

The  Netherlands \  9  107.8 

Belgium :  6  781.3 

New  South  Walps I  976 

N.  S.  W.  Mail  Trains 2  506 


Time  occupied. 

Hours. 

Mins. 

1  7.58 

15 

931 

7 

890 

53 

296 

7 

228 

25 

31 

28 

S6 

49 

Average  speed  per 
hour,  inclusive  of 
stoppage. 


Miles. 

30.013 

30.821 

30.914 

30.7.58 

29.565 

31.02 

25.88 


The  new  10-wheeled  express  locomotives  built  by  Messrs.  Beyer, 
Peacock  &  Co.,  of  Manchester,  for  the  New  South  Wales  railways  are 
emi^loyed  in  working  the  express  and  mail  trains  over  the  southern, 
western  and  northern  lines,  their  running  being  confined  to  the  diffi- 
cult portions  of  the  road,  such  as  from  Sydney  to  Junee,  on  the  south 
(286  miles);  Sydney  to  Dubbo,  on  the  west  (278  miles),  and  Sydney  to 
Newcastle,  and  Singleton  to  Jennings,  on  the  north  (446  miles).  Theii' 
load  over  the  1  in  30  grades  is  165  tons,  and  in  the  1  in  40  grades  205 
tons ;  and  in  a  recent  trial  one  of  these  engines  hauled  a  train  weigh- 
ing 225J  tons  behind  the  tender  up  a  gi-ade  of  1  in  42  at  a  settled  speed 
of  20.45  miles  per  hour,  developing  1  080  H.  P. 

To  give  some  idea  of  the  sjjeed  at  which  these  trains  are  regularly 
running,  the  Melbourne  express  train,  which  weighs  115  to  205  tons,  is 
scheduled  to  travel  over  the  section  Sydney  to  Junee  and  return  at  an 
average  speed  of  34. 6  miles  per  hour,  exclusive  of  stoi^jjages,  and  the 
train  has  to  be  lifted  tkrough  an  accumulated  vertical  distance  of  more 
than  8  000  ft.  over  rising  grades  on  the  down  journey  alone. 
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111  the  I'ollowiug  tiibl(>  will  be  foiiud  tlio  speeds  of  the  BaklAviu 
engines,  obtained  from  five  trips  made,  the  train  being  made  up  of 
Pullman  sleeping  cars  and  first-class  lavatory  carriages : 


No. 

of 

Trip. 

Gradient. 

Mean    speed 

uu  the 
whole  lenRth 
of  gradient. 

Weight  of  train, 

exclusive  of 

engine       and 

tender. 

Remarks. 

1.. 
2.. 
5.. 
3.. 
4.. 

1-40 
1-40 
1-40 
1-30 
1-30 

Miles  per 
hour. 
18.50 
20.15 
21.09 
18.87 
15.17 

Tons.    Cwts. 
179          5 
1.57         12 
157         12 
121         14 
144          2 

Length  of  gradient,  2J  miles. 
Several  curves  IC  chains  radius  on  first 
About  2  miles  1-30  and  j  mile. 
Of  1-3.1,  curvature  moderate. 

mile. 

An  interesting  return  has  been  i^ublished  by  the  Board  of  Trade 
of  the  fast  trains  running  on  week  days  between  London  and  Bir- 
mingham, Bradford,  Hull,  Brighton,  Bristol,  Derby,  Leeds,  Leices- 
ter, Norwich,  Liverjiool,  Manchester,  Xewcaste-on-Tyne,  Nottingham, 
Portsmouth  and  Sheffield,  giving  in  each  case  the  alternative  lines  of 
railway,  with  the  distance,  the  average  time  occupied  on  the  journey, 
and  the  average  rate  of  speed  per  hour  on  both  uj)  and  down  journeys. 
From  the  details  there  given,  the  following  figures  are  extracted, 
showing  the  average  speed  per  hour  by  the  fastest  trains  on  each 
route  down  from  London  and  up  to  London  : 


Between  London  and — 

Railway. 

Down. 

Up. 

45 

45^ 

45.2 

47 

46^ 

47.764 

43i 

45.2 

43.468 

47.407 

47.3 

48.7 

47.9 

49.3 

47.974 

44.8 

49.3 

51.157 

51.6 

49.7 

48 

44 

45.461 

48.683 

38.3 

40.39 

36 

43.29 

44 

45^ 

45.4 

Midland,  via  Kettering  and  Nottingham.. . 

<< 

47 

<, 

47.764 

45 

Bradford 

46 

40.629 

Grf'at  Northern 

46.08 

49.7 

Leeds 

Midland,  via  Kettering  and  Nottingham. 

47.6 
48.8 

Midland,  via  Kettering  and  Nottingham.. 

49 
48.391 

Sheffield 

47 

Midland,  via   Kettering  and  Nottingham. 
Great  Northern 

48.8 
50  625 

Nottingham 

Bristol 

51.7 

40 

44 

Hull 

Newcastle-on-Tyne 

44.727 

47.130 

37.3 

Brighton 

L.  B  and  S   C  

43.30 

37 

L.  B.  and  S.  C 

43.29 
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Lighting  of  Railway  Carriages. — At  the  present  time  the  railway  car- 
riages belonging  to- the  Government  of  New  South  Wales  are  lighted 
with  gas.  An  iron  vessel,  cylindrical  in  shape,  is  placed  under  the 
floor  of  each  car,  and  the  pipes  are  laid  from  this  to  each  compart- 
ment. 

The  question  of  the  electric  lighting  of  trains  has  received  a  good 
deal  of  attention  on  a  number  of  railways,  but,  so  far,  the  constant  dis- 
advantages of  the  system  have  been  so  heavy  as  to  ijrevent  the  general 
adoption  of  electric  lighting.  No  doubt  it  has  great  advantages  in 
that  the  cars  are  kej^t  much  cooler  and  the  light  can  be  more  evenly 
diflfiised.  Atrial  has,  on  more  than  one  occasion,  been  made  on  the  lines 
of  this  colony,  and  about  three  years  ago  a  sleei^ing  car  was  fitted  up 
under  the  direction  of  the  Kailway  Commissioners  by  the  Superin- 
-tendent  of  Telegraphs,  and  made  a  number  of  journeys  between 
.Sydney  and  Albury,  the  light  eliciting  much  appreciation  ;  but  it 
was  found  to  be  so  costly,  to  work  in  comparison  with  other  lighting 
systems,  and  to  require  such  additional  dead  weight  in  the  shape  of 
.accumulators,  that  the  experiment  had  to  be  given  up.  Interest  in 
the  question  is  being  revived  by  the  proposal  to  light  the  carriages 
Tipon  the  South  Australian  lines  with  electricity.  This  exi^eriment, 
however,  is  one  that  requires  to  be  made  with  caution,  and,  judging 
from  a  recent  extract  from  the  Railway  Age,  it  would  appear  it  has 
been  given  up  on  other  lines. 

English  papers  announce  that  lighting  carriages  by  electricity  is  to 
be  abandoned  in  favor  of  comj^ressed  oil  gas  on  the  Midland  Railway, 
.as  it  has  been  found  too  expensive  and  unreliable.  This  company  has 
made  every  endeavor  for  a  number  of  years  to  use  the  electric  light  in 
its  carriages,  and  its  decision,  following  so  soon  on  that  of  the  Brighton 
Company,  may  be  regarded  as  the  cmip  de  grace  of  the  system — at  any 
rate  for  several  years. 

In  America,  in  spite  of  many  attempts,  electricity  is  now  used  for 
lighting  only  in  a  few  instances,  and  that  for  sj^ecial  train  service. 
"While  but  little  definite  information  regarding  the  cost  of  mainte- 
nance is  available  from  the  numerous  railroads  that  exj^erimented  in 
this  line,  the  data  so  far  received  are  not  reassuring.  The  writer 
knows  of  but  two  instances  in  this  country  where  electric  train  light- 
ing has  shown  evidence  of  being  a  jjaying  investment  from  the  railroad 
standpoint,    that  is,    the  train   could,    individually,  aside  from  any 
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outside  traffic  influence,  pay  all  its  ruuuing  expenses  and  a  fair  return 
on  the  investmout  over  and  above  those  expenses.  The  systems  used 
in  these  two  instances  are  dissimilar. 

As  to  the  reliability  of  electricity,  in  no  cases  have  the  railroads 
that  use  it  felt  that  they  could  dispense  with  the  older  and  tried 
systems. 

Even  where  the  use  of  electricity  has  been  fairly  successful,  it  is 
very  often  necessary  in  emergencies  to  have  recourse  to  oil  or  gas;  and 
the  results  obtained  on  the  English  railways  are  not  surprising.  The 
use  of  electricity  for  train  lighting  vnll,  however,  be  retarded  consider- 
ably by  the  action  of  the  English  railways. 

Sir  George  Findlay,  General  Manager  of  the  London  and  North 
Western  Railway,  England,  takes  a  different  view  of  the  jjresent 
position  of  affairs,  and  instead  of  maintaining  that  the  electric  light- 
ing of  trains  has  received  its  coup  de  grace  through  the  action  of  Eng- 
lish companies,  he  rather  leans  towards  the  idea  that  what  has  been 
done  clearly  indicates  the  direction  in  which  investigations  must  pro- 
ceed, and  also  that  beyond  doubt  electricity  will  be  the  lighting 
medium  in  the  future.  The  question  is  yet  only  in  the  transitional 
or  experimental  stage,  and  for  that  reason  most  of  the  comjianies  have 
not  attempted  to  adopt  it  on  anything  like  a  large  scale. 

There  are  at  least  three  methods  in  which  a  current  of  electricity 
may  be  obtained  for  lighting  a  train.  A  primary  battery  may  be  used, 
or  secondary  batteries,  or  the  dynamo  may  be  used  direct.  The 
majority  of  railway  engineers  lean  towards  the  secondary  batteries,  or 
the  direct  action  of  the  dynamo.  Probably  the  ultimate  solution  of 
the  problem  will  be  found  in  a  combination  of  the  two,  or  in  other 
words,  a  dynamo  will  supply  the  current  when  the  train  is  in  motion, 
and  the  batteries,  during  stojjpages.  How  the  dynamo  is  to  be  driven 
is  a  question,  the  settling  of  which  is  not  marked  with  the  unanimous 
opinion  of  engineers,  some  holding  that  it  should  be  carried  and  driven 
by  the  locomotive  direct,  others,  that  it  should  be  driven  by  a  sei3arate 
engine,  and  others,  that  it  should  be  driven  from  the  axle  of  the  guards 
van.  But  whatever  method  may  be  ultimately  adopted,  the  writer 
cannot  agree  with  the  idea  that  electricity  has  received  its  death  blow, 
or  has  eveil  been  retarded  to  any  serious  extent  by  the  action  pre- 
viously  mentioned,  and  hoi)es  before  long  to  see  it  entirely  re^jlace  the 
oil  and  gas  lamps  at  present  in  use. 
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Mr.  Os-«-ald  Haes,  in  a  paper  entitled  "Lighting  of  Railway  Trains," 
descriljes  the  successful  experiments  carried  out  in  South  Australia. 
In  his  j)aper  the  author  deals  with  the  history  of  electricity  as  con- 
cerned with  the  lighting  of  trains,  enumerating  briefly  the  various 
systems,  their  faults  and  merits.  He  then  deals  with  the  system  ex- 
perimentally adopted  by  the  South  Australian  railways.  The  principle 
upon  which  it  was  to  be  executed  was  the  axle-driven  dynamo,  and  in 
conjunction  with  accumulators,  similar  in  every  way  to  the  one  that 
has  proved  to  be  eminently  satisfactory  on  the  London  and  Brighton 
and  several  other  English  railways.  The  dynamo  is  of  the  ordinary 
Brush  pattern,  and  the  problem  of  driving  from  bogie  axles  seems  satis- 
factorily solved  when  the  statement  is  made  that  it  has  run  well  for 
ujjwards  of  four  months.  It  is  undoubtedly  a  very  different  and 
difficult  matter  to  drive  from  bogie  stock  instead  of  fixed  wheel  stock, 
and  the  writer  believes  that  the  greatest  difficulties  have  been  over- 
come. What  little  trouble  exists  now  is  caused  more  by  errors  in 
detail  than  in  principle,  and  will  consequently  be  overcome  with  a 
little  more  exi^erience.  The  couplings  are  simple,  effective  and 
economical,  and  are  j)rotected  from  interference  by  unauthorized  per- 
sons. The  system  is,  of  course,  specially  adapted  for  trains  not  liable 
to  be  split  up,  from  start  to  finish  of  a  journey. 

After  a  series  of  trials  which  have  occupied  the  engineers  for 
about  two  years,  the  Northern  Railway  of  France  will  take  the 
lead  in  that  country  by  the  installation  of  apparatus  in  their  trains 
for  illumination  by  electricity.  It  is  probably  known,  that  the 
lighting  of  their  thii'd  class  carriages  by  oil  is  as  poor  as  the  accom- 
modation; in  the  second  class  it  is  better,  but  sufficient  to  discourage 
reading;  while  in  the  first  class  it  has  been — since  the  last  few  years — 
very  good,  due  to  the  emi^loyment  of  round  burners.  The  luminous 
intensity  is  now  raised  by  the  incandescent  lights  to  6,  8  and  10  C. 
P.  lamps  of  30  volts,  according  to  the  class  of  compartment  for 
which  they  are  destined,  the  current  being  2.9  to  3  watts  jser  candle. 
The  lamps  are  good  for  300  hours.  Each  carriage  carries  its  own  ap- 
l^aratus  of  16  accumulators  of  the  type  introduced  by  the  "  Societe  du 
Travail  Electrique  des  Metaux,"  enclosed  in  groups  of  two  in  small 
boxes,  which  themselves  are  jjlaced  in  groups  of  four,  in  two  cases 
fixed  one  to  each  side  of  the  longitudinal  frames  of  the  car,  and  readily 
accessible  from  the  footboards  for  renewals.     Commutators  are  jDlaced 


COUNTEIES. 

Miles 
open. 

Number  of 
passengers. 

Working 
expenses. 

Net 
earnings. 

as 
a  3 

Working  ex- 
penses per  train- 
mile. 

Percentage  of 

woi'kiug 

expenses  to 

earuings. 

United  Kingdom. . . . 
United  States 

20  191 
166  410 
26  623 
2  359 
2  903 
2  320 
1  660 
377 

1  869 
17  564 

192 

2  012 

845  463  668* 

492  000  000 

377  000  000 

19  918  916 

69  546  921 

2  370  200* 
5  744  487 

725  724 

3  555  764 
122  855  337  i 

3  076  828* [ 
67  432  178 
1 

£45  144  778 
149  340  000 
33  991  783 

1  914  252 

2  138  139 
639  502 
652  941 
147  944 
706  517 

7  064  904 
121  966 

3  378  561 

£36  715  829 
70  217  460 
32  626  764 

1  943  014 
956  983 
413  034 
560  349 

21  106 

408  915 

7  960  270 

154  861 

2  322  886 

Pence. 

58.00(2) 

73.34 

80.01 

89.25 

62.91 

63.69 

69.69 

44.64 

88.75 

59.31 

96.30 

65.29 

Pence. 

33.48 

49.88 

45.46 

54.98 

43.45 

38.70 

37.50 

39.07 

56.32 

27.89 

42.45 

32.77 

55 
68 
51 

New  South  Wales... 

61.60 
69.08 

60.76 

South  Australia 

53.82 
87.51 

New  Zealand 

63.34 
47.02 

Ceylon 

44.45 

59.14 

Remarks. — *  Exclusive  of  season  ticket  jourihing  and  goods  trafiSc.  (2)  Exchisive  of  miscellaneous 
earnings.  (3)  Passenger  and  mixedsso  for  miscellaneous  service.  (7)  Includes  £4  663  298 
for  miscellaneous  service. 

Note. — The  information  for  the  United  King;  that  for  New  South  Wales,  Victoria,  Queensland  and 
South  Australia  for  the' year  ending  J 


STATEMENT. 


Miles 
open. 

Number  of 
passengers. 

Goods. 
Tonnage. 

Tkain-Miles. 

Gross  Earnings. 

Working 
expenses. 

Net 
earnings. 

GfS) 

as 

■aa 

§a 

"  . 

3  :x""  I 

COUSTRTlCa. 

Passenger. 

Goods. 

Total. 

Coaching. 

Goods  and 
live  stock. 

Total. 

Trited  Kingdom 

I  nited  States 

iTrrmany 

20  191 

166  410 

26  623 

2  359 

2  903 

2  320 

1  660 

377 

1  869 
17  564 

192 

2  012 

845  463  668* 

492  000  000 

377  000  000 

19  918  916 

69  546  921 

2  370  200* 
5  744  487 

725  724 

3  555  764 
122  855  337 

3  076  828* 
67  432  178 

310  308  076 

577  000  000 

212  000  000 

4  296  713 

3  654  9b7 

768  527 

1  104  122 
161   141 

2  122  987 
20  158  953 

281  499 
2  631  602 

171  758  552 

283  797  000 

94  392  000 

3  083  813 

148  500  101 

434  700  000 

85  077  000 

4  672  283 

323  598  125t 

718  497  000 

179  469  000 

8  356  096 

11  807  077 

3  966  120 

4  178  286 
908  694 

3  010  489 

00  800  105 

690  070 

24  746  565 

£35  130  906 

64  549  893 

17  320  822 

1  189  231 

1  644  315 

348  199 

349  421 
109  888 
406  412 

4  846  101 
86  528 

2  060  264 

£43  230  717 

149  738  187 

44  634  427 

1  918  065 

1  450  807 

704  337 

863  869 

59  162 

709  020 

9  7.'-)5  073 

187    176 

3  641  183 

£81  860  607  (1 
219  557  460  (6; 
66  618  547  (7) 
3  107  296 
3  095  12! 
1  052  536 
1  213  290 
169  050 
1  115  432 
15  025  174  (4'l 
276  827  (5) 
5  701  447 

£45  144  778 
149  340  000 
33  991  783 

1  914  252 

2  138  139 
639  502 
652  941 
147  944 
706  517 

7  064  904 
121  966 

3  378  561 

£36  715  829 
70  217  460 
32  6-26  764 

1  943  044 
956  983 
413  034 
560  349 

21   106 

408  915 

7  960  270 

154  861 

2  322  886 

Pence. 

58.00(2) 

73.34 

80.01 

89.25 

62.91 

63.69 

69.69 

44.64 

88.75 

.59.31 

96.30 

55.29 

Pence. 

33.48 

49.88 

45.46 

54.98 

43.45 

38.70 

37.50 

39.07 

56.32 

27.  b9 

42.45 

32.77 

55 
68 
51 

Xew  South  Wales... 
"^  ;ctoria 

61.60 
69.08 

VU-ensland 

60.76 

><jmh  Australia 

TasDjania 

1  695  957 

2  582  329 

53.82 
87.51 

New  Zealand 

India 

2  690  314  (3) 
"i4"239'246* 

314  175 

63.34 
47.02 

CcTlon 

44.45 

Belgium 

10  507  319 

59.14 

KEiiABKe.— *  Exclusive  of  f  eason  ticket  journeys.  %  Includes  3  339  428  miles  run  by  mixed  trains.  (1)  Includes  £3  498  974  not  shown  in  coaching  and  goods  traffic.  (2)  ^^''^"^}^^°/  '?'!'^|l^^|?«| 
earnings.  (3)  Passenger  and  mixed.  (4)  Includes  £424  000  misceUaneous.  (5)  Includes £3  123  miscellaneous.  (6)  Includes  £5  269  380  for  miscellaneous  service.  ( i)  inciuues  _*  wo  .^<3 
for  miscellaneous  service. 

^'OTE.— The  information  for  the  United  Kingdom,  India.  Ceylon.  United  Slates.  Geimany,  Belgium,  is  for  the  year  ending  December  3l8t.  1891;  that  for  New  South  Wales,  ^  ictona.  Queens  am 
South  Australia  for  the' year  ending  June  30th,  1892,  and  for  Nev?  Zealand  to  March  3l8t,  1892. 
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outsiilo  tlio  car  for  connec-tiu}?  luul  disconnecting  the  currents.  The 
offective  oipacity  of  each  battery  is  11:3  ampere-hours;  and  they  weigh 
530  lbs.,  or,  if  their  cases  are  included,  8G0  lbs.  The  lamps  are  fitted 
Avith  brilliantly  white-enameled  reflectors,  fitting  into  the  ordinary 
oil  lamp  globes.  The  covers  are  so  arranged  as  to  permit  oil  lamps  to 
be  substitiited  for  electric  if  required.  In  the  trials  it  was  ascertained 
that  the  electric  lamps  were  a  cheaper  means  of  illumination  than  the 
oil.  For  the  first  named,  with  an  intensity  of  10  candles,  the  cost 
including  installation,  maintenance,  etc.,  Avas  1  penny,  less  j-^,, 
for  3  lamp-hours.  With  oil  giving  7  C.  P.  it  was  the  same  sum 
for  2^  lamiJ-hours.  A  number  of  cars  are  now  fully  equipped  and  will 
be  run  in  the  express  trains  between  Paris  and  Lille,  but  it  is  ex- 
pected that  oil  will  be  gradually  sujiplauted  by  the  electric  lighting 
in  other  trains  of  the  same  company.  The  figures  as  to  cost  require 
confirmation. 

Comparative   Statement    of  Kaiboaii    Workingi>. — In    looking   at    the 
statement,  it  will  be  seen  that  as  regards  mileage  the  United  States 
takes  first  place,  Germany  second,  and  the  United  Kingdom   third. 
America   ranks  first  in   goods   tonnage,    train  mileage  and  earnings, 
the  United  Kingdom  second,  and  Germany,  considering  her  mileage 
and  density  of  population,  an  indifferent  third.     In  the  earnings  per 
train-mile,   Germany  takes   the    lead  with  80.01    pence,  the   United 
States  follow  with  73.34  pence,  and  the  United  Kingdom  third  with 
58   pence.     But   in   the   working   expenses   per   train-mile   she   ranks 
lowest  with  33.48  pence,  then  comes  Germany  with  45.46  i^ence,  and 
the  United  States  with  49.88  pence.     Germany  shows  lowest  in  the 
percentage  of  working  expenses  to  gross  earnings,  but  it  must  be  borne 
in  mind  that  salaries  and  wages — important  factors  in  railway  working, 
especially  when  the  number  of  persons  employed  runs  into  hundreds 
of  thousands — are  far  higher  in  America  and  England,  and  that  if  the 
same  rates  were  paid  in  Germany  the  working  expenses  would  not  show 
to  such  advantage.     As  regards  the  Australian  colonies,  Victoria  takes 
a  decided  lead  in  the  number  of  passengers  carried,  but  this  is  entirely 
due  to  the  purely  suburban  railways,  whose  place  is  taken  by  tram- 
ways in  Sydney.     New  South  Wales  takes  first  place  in  goods  tonnage, 
and  in  gross  and  net  earnings;  but  in  Avorking  expenses  per  train-mile, 
and   the   i^ercentage   of   working   expenses  to  gross  earnings,   South 
Australia  shows  to  the  best  advantage.     It  must,  however,  not  be  for- 
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gotten  that  in  New  South  Wales  and  Queensland,  the  whole  of  the 
inland  traffic  has  to  be  worked  over  high  mountain  ranges  which  con- 
siderably increases  the  cost  of  working.  India  and  Ceylon  show  the 
lowest  percentage  of  working  expenses  to  earnings,  but  this  is  easily 
exjilained  by  the  extremely  low  rates  of  wages  paid  in  these  countries. 
In  the  following  table  a  comparative  statement  of  railway  workings 
in  New  South  Wales  for  the  years  1857-92  is  given : 


Population  of  the  colony 

Miles  of  railway  open 

Persons  to  each  mile  of  line 

Passengers  carried 

Journeys  per  head  of  population . . . 

Tonnage  of  goods 

Tons  carried  per  bead  of  population 


1857 


283  000 

40 

7  075 

329  019 

1.16 
20  847 

.074 


1  182  500 

2  359 

501 

19  918  916 

16.85 
4  296  713 

3.634 
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RAILROADS   IN   THE   REPUBLIC    OF    MEXICO   IN 

1S93-. 


By  E.  Pkieto  Basave,  M.  Association  of  Engineers  and  Ai'cliitects 

of  Mexico. 


Translated  from  the  Spanish  by  Fostek  CEOWELii,  M.  Am.  Soc.  C.  E. 


Prepared  for  the  International  Engineering  Congress  of  the 
Colnmbian  Exposition,  1893. 


It  is  proposed  simply  to  present  for  consideration  various  local 
peculiarities  of  this  country  in  their  relation  to  the  construction  and 
exploitation  of  railroads  ;  to  describe  briefly,  so  far  as  possible,  the  dif- 
ficulties with  which  they  had  to  contend,  and  to  explain  how  far  those 
difficulties  have  been  overcome  ;  and,  finally,  to  study  the  remarkable 
development  which  in  such  a  short  time  has  brought  within  reach  of  all 
this  means  of  communication,  which  was  entirely  unknown  in  Mexico 
30  years  ago. 

It  is  intended  also  to  explain,  as  fully  as  the  limits  of  this  paper  will 
permit,  the  results  which  have  been  obtained  from  the  introduction  of 

Note. — Discussions  on  all  palmers  iireseuted  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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railroads  into  Mexico,  forming  an  exj^osition  of  the  progi-essive  increase 
of  traffic  in  the  regions  that  are  now  traversed  by  them,  due  to  the 
abundant  resources  which  Nature  has  lavished  upon  the  country,  invit- 
ing the  construction  of  more  railroads  in  connection  with  the  present  ter- 
minals, and  in  other  exploitation.  It  is  believed  that  when  what  has 
been  undertaken  is  finished  we  shall  be  able  to  develop  the  entire 
country  and  reward  those  who  come  to  Mexico,  not  blindly,  like  the 
eai;ly  builders  of  railroads,  but  seeking  to  invest  their  capital  upon  a 
firm  and  secure  basis,  whether  contemplating  the  construction  of  new 
roads  or  the  valuable  agricultural,  mercantile  and  industrial  enter- 
prises which  result  from  them. 

About  the  year  1824  attention  was  first  turned  in  this  country  to  the 
necessity  of  more  comprehensive  ways  of  communication  to  bring  into 
contact  the  remote  regions,  not  only  for  meeting  the  requirements  from 
town  to  town,  but  with  a  general  object. 

At  that  time  the  Government  issued  its  first  decree  authorizing  a 
contract  for  the  canalization  of  the  Isthmus  of  Tehuantepec,  by  means 
of  which  both  oceans  were  to  be  united  in  one,  and  Mexico  was  to  be- 
come the  highway  for  the  traffic  of  the  world. 

But  difficulties  ensued  resulting  from  political  causes.  It  is  truly 
said  that  the  Government  at  that  time  was  not  even  powerful  enough  to 
insist  on  its  own  ideas,  and  could  not  i^rotect  either  the  National  funds  or 
foreign  capitalists  seeking  to  venture  their  means  in  enterprises  which 
would  be  very  iJroductive  if  carried  to  completion,  but  who  found  it 
very  difficult  to  establish  themselves  in  a  country  just  beginning  to  form 
itself.  It  became  necessary  to  abandon  the  proper  ideals  possible  in  a 
consolidated  nation  and  to  turn  attention  to  the  establishment  of 
carriage  roads,  to  which  the  people  were  more  accustomed,  and  which 
seemed  to  accord  with  the  colonial  condition,  notwithstanding  their 
narrow  possibilities.  In  pursuance  of  this  policy  a  decree  was  issued 
at  that  time  authorizing  the  construction  of  a  wagon  road  from  Coaza- 
coalcos  to  the  Pacific  as  a  substitute  for  the  canal  project  ;  also,  for 
various  other  wagon  roads,  particularly  from  the  city  of  Mexico  to 
Vera  Cruz.  Little  was  done  in  this  direction  then,  notwithstanding 
the  appropriations  made  annually  for  accomislishing  the  object,  the 
truth  being  that  these  were  too  small  for  the  importance  and  the 
number  of  roads  which  were  necessary.  It  also  happened,  more- 
over, that  these  insignificant  sums  were  diverted  from  their   objects 
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and  employed  for  war  purposes  aud  in  sustaining  the  governments 
which  succeeded  one  another  with  excessive  rapidity.  For  the  same 
reason  during  this  epoch,  the  maintenance  of  the  old  cart  roads  in 
condition  even  for  laborious  and  slow  j^assage,  could  scarcely  be 
assured.  This  went  on  for  a  period  of  nearly  50  years  employed  in 
gi-anting  and  withdrawing  concessions  for  constructing  railroads, 
among  which  figure  at  the  head  of  the  list  the  Tehuanteijec,  the 
Vera  Cruz  and  Mexico  and  the  Northern  Pacific,  by  means  of  which 
the  country  was  able  to  really  reap  the  benefits  of  the  first  important 
line  of  this  sort,  that  from  Vera  Cruz  to  Mexico,  opened  early  in  1873. 

It  might  well  be  thought,  when  we  consider  the  toi^ographical  diffi- 
culties of  these  first  lines  which  are  greater  than  occur  in  any  other  loca- 
tion presented  in  our  country,  the  refinement  which  had  ensued  in  the 
political  organization,  and  the  confidence  begotten  among  foreign  mer- 
chants as  to  the  value  of  agricultural  and  mineral  elements  which  we 
would  be  able  to  produce  by  the  new  enterprises,  that  the  construc- 
tion of  the  rest  of  the  projected  railroads  would  then  have  been  hast- 
ened, and  that  in  a  brief  time  we  should  have  developed  an  extended 
system,  sufficient  to  bring  into  action  the  natural  resources  of  the 
Republic  which  had  lain  dormant  for  lack  of  easy  communication  and 
exchange.  But  it  did  not  turn  out  so;  new  obstacles  appeared,  although 
in  smaller  numbers,  to  paralyze  the  construction  of  new  lines,  and  not 
until  1880  can  it  be  said  that  the  formation  of  the  Mexican  railroad  sys- 
tem began  with  real  activity;  since  then  the  progress  has  been  extraor- 
dinarily rapid  and  thorough,  so  that  at  the  end  of  the  12  years  end- 
ing in  1892,  10  283  km.  (6  389  miles)  of  railroad  had  been  built  in  these 
regions,  with  jirospects  of  extension,  and  by  the  comi^anies  already  in 
the  field,  who  announce  that  as  the  conditions  develop  they  will  place 
their  lines  in  exploitation. 

In  the  map  attached  to  this  memoir  (Plate  I),  all  the  lines  may 
be  found  and  they  are  here  enumerated. 

TABLE  No.   1. 
Mexican   Eaileoads. 

Length  of  line. 
Kilometers. 

Mexican  Eailway  Company  (Limited) : 

Mexico    to    Vera  Cruz  and    branches    to   Puebla    and 

Pachuca 616 
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Length  of  lice. 

Mexican  National  Eailroad  Companr :  Kilometers. 

Mexico  to  Laredo  and  branches  from  Acambaro  to  Patz- 

cuaro,  Matamoros  to  S.  Miguel,  and  Mexico  to  Salto       1  700 
National  Construction  Company:  ^ 

Zacatecas  to  Ojo  Caliente  and  Manzanillo  to  Colima. . . .  143 

Mexican  Interoceanic  Eailroad  Company : 

Mexico   to  Vera  Cruz,  with  branches   from  Mexico  to 
Jojiitla,   from  Puebla  to  Matamoros,   Yzucar  and 

Vireyes  to  S.  Juan  de  los  Llamos 816 

Merida  and  Progreso  Railroad  Company : 

Merida  to  Progreso 36 

Merida  and  Peto  Eailroad  Company: 

Merida  to  Akil 99 

Mexican  Central  Eailroad  Company: 

Mexico  to  Paso  del  Norte  and  Aguas  Calientes  to  Tam- 
pico,  with,  branches  from  Yrapuato  to  Guadalajara, 
from  Silao  to  Guanajuato,  and  from  Tula  to  Pachuca.       2  991 
Sonora  Eailroad  Comi^any : 

Guaymas  to  Nagales 422 

Hidalgo  and  Northeastern  Eailroad  Company : 

Mexico  towai'ds  Tulaneingo  and  branches  to  Pachuca 

and  Yrolo 190 

Sinaloa  and  Durango  Eailroad  Company: 

Altata  to  Culiacan 62 

St.  Andres  and  Chalchicomula  Eailroad  Company : 

S.  Andres  to  Chalchicomula 10 

Orizaba  and  Yngenio  Eailroad  Company 8 

Merida,  Valladolid  and  Progreso  Eailroad  Company: 

Merida  to  Cansahcab  and  from  Progreso  to  Conkal 97 

Tlalmanalco  and  Chalco  Eailroad  Company: 

Chalco  to  Amecamua 27 

Merida  and  Campeche  Eailroad  Company : 

Merida  to  Mancanie,  and  from  Campeche  to  Pomuch. . . .  118 

Santa  xAna  and  Flaxcala  Eailroad  Company 8 

Tehuacan  and  La  Esperanza  Eailroad  Company 50 

Vera  Cruz,  Alvarado,  Anton  Lizardo  and  Isthmus  of  Tehuan- 
tepec  Eaih'oad  Comi^any : 

Vera  Cruz  to  Alvarado 
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Length  of  lioe. 
Mexican  Intovnational  Railroad  Company:  Kilometers. 

Portirio  Diaz  to  Duraugo,  with  branclies  fx'om  Sabinas 
to  Hondo,  Hornosa  to  St.  Pedro,  and  Pedrieena  to 

Velardoua 911 

Toluca  and  San  Juan  de  las  H\iertas  Eailroad  Company : 

Toliica  to  San  Juan 16 

Cardenas  and  Rio  Grijalva  Railroad  Company 8 

Merida  and  Yzamal  Railroad  Company 67 

San  Juan  Bautista  and  Carrizal  Railroad  Company: 

San  Juan  to  Altasta 4 

Potrero,  Cedral,  Vanegas  and  Rio  Yerde  Railroad  Comjiany : 

Vanegas  to  Matehuala  and  branch  from  Potrero 58 

Monterey  and  Mexican  Gulf  Railroad  Company : 

Venadito  to  Tampico 623 

Yxtacalco  and  Mexicaltzingo  Railroad  Company 20 

Puebla  Industrial  Railroad  Company 16 

Tecolutla  and  Esjnnal  Railroad  Company • 4 

Cordoba  and  Tuxtepec  Railroad  Company: 

Cordoba  to  Motzorongo 41 

Mexican  Northern  Railroad  Company : 

Escalon  to  Sierramojada 125 

Salamanca  and  Santiago  Yalley  Railroad  Company : 

Salamanca  to  Jaral 36 

S.  Marcos  and  Nautla  Railroad  Comi^any : 

S.  Marcos  to  Huitzitzitlapan 66 

Michoacan  and  Pacific  Railroad  Company : 

Maravatio  to  Ocampo  and  branch  from  Angangueo 53 

Mexican  Southern  Railroad  Company : 

Piiebla  to  Oaxaca 367 

Tonala  and  Frontera  Railroad  Comx^any:  ' 

Tonala  to  Puerta  and  extension  to  Frontera 69 

Valley  Railroad  Company 20 

Monte  Alto  Railroad  Company 10 

Matamoros  and  Acapulco  Railroad  Company : 

Matamoros  to  Tlancualijiean 40 

Tehuantepec  National  Railroad  Company 240 

Marquis  and  Zimapan  Railroad  Company 23 

Total  (6  389  miles) 10  283 
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The  great  raijidity  with  which  in  this  short  jseriod  so  many  lines  of 
raili'oad  have  been  constructed  is  due  to  many  causes,  which  have 
united  to  ijroduce  such  a  brilliant  result;  in  the  first  place,  the  peace 
of  the  country,  interrupted  beforetimes  with  such  frequency,  has  been 
unalterably  preserved  in  these  last  years,  so  as  to  maintain  the  credit 
of  the  Government  and  induce  foreign  capitalists  to  come  and  establish 
themselves  in  our  country;  secondly,  the  Government,  understanding 
the  absolute  necessity  of  means  of  communication,  offered  to  these 
enterprises  the  greatest  possible  facility,  assisting  nearly  all  of  them 
with  liberal  grants  which  have  been  punctually  paid. 

In  previous  times  the  Mexican  government,  fearful  of  endangering 
the  public  revenue,  and  perhaps  not  convinced  of  the  potency  of  the 
railroads  as  a  factor  in  production,  extended  such  meager  advantages 
to  the  contractors,  that  all  the  projects  failed  utterly.  So  it  went  on, 
as  before  stated,  during  50  years,  and  it  was  only  possible  to  change 
this  condition  of  aflfairs  by  assuring  peace  in  the  first  place,  and  after 
that  by  making  gi-eat  efforts  and  sacrifices  to  assist  the  companies, 
which  efiforts  were  not  long  in  being  repaid  by  the  development  of 
traffic  and  the  bringing  into  action  of  rich  places  by  means  of  the  rail- 
roads as  soon  as  they  began  to  be  operated. 

In  instituting  certain  comparisons  which  will  ajjpear  presently,  it 
is  not  desired  that  this  country  should  appear  in  competition  in  any 
manner  with  the  foremost  nation  in  railroad  matters;  that  would  be  an 
absurd  pretension  and  improper  in  a  conscientious  and  serious  study; 
but  by  comparison  it  is  believed  that  in  none  of  the  very  small  nations 
has  such  rajjid  imjiulse  been  given  to  railroad  construction  as  in 
Mexico,  the  fact  being  that,  while  in  the  United  States  during  the  first 
20  years  of  railroad  building  (1830  to  1850),  12  000  km.  (7  456  miles) 
were  built,  in  Mexico  during  an  equal  period  of  time  (from  1872  to 
1892)  more  than  10  000  km.  were  constructed.  If  this  model  could  be 
followed  in  the  coming  20  years,  100  000  km.  could  be  completed,  as 
was  done  in  the  United  States  from  1850  to  1870;  or  if  not,  then  less 
than  the  one-fourth  part  of  them,  which  would  correspond  proportion- 
ately to  the  territorial  extension;  that  is,  25  000  km.  would  have  to  be 
acquii'ed,  to  complete  the  system  ali-eady  jjrojected,  the  elements  of 
which  will  be  given  in  the  following  pages  of  this  paper.  They  are  sub- 
mitted for  the  information  of  those  j^ersons  who  care  to  cast  their  eyes 
over  them,  on  the  accompanying    map,   where  the  lines  to  be  con- 
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structocl  and  which  have  beeu  consented  to  l)y  the  Government  are 
shown. 

In  most  cases  they  have  been  legalized  by  the  community  in  the 
hope  of  being  placed  in  execution  at  the  end  of  the  universal  crisis 
which  has  oppressed  the  markets,  both  native  and  foreign;  when  this 
is  over  they  will  proceed  Avithout  delay.  By  the  time  the  great  World's 
Fair  in  Chicago  comes  to  an  end,  this  troublesome  situation  should  be 
past.  Surely  the  concourse  of  the  highest  in  all  branches  of  human 
knowledge  which  will  there  unite  and  join  in  a  common  interest,  pro- 
claiming ideas,  should,  we  believe,  have  for  a  result  the  disappearance  of 
the  obstacles  which  for  two  or  three  years,  over  all  that  portion  of  the 
globe,  have  stood  in  the  way  of  commercial  and  industrial  progress  in 
the  Spanish-American  nations. 

With  the  object  of  giving  a  fair  view  of  the  development  and 
increasing  progressive  production  which  have  attended  the  railroads 
since  the  line  from  Mexico  to  Vera  Cruz  was  opened,  the  writer  has  set 
forth  the  facts  in  the  most  concise  and  clear  form  possible,  arranging 
them  in  a  table  so  as  to  see  in  relief  the  gain  that  each  new  line  has 
brought  to  the  country,  enabling  us  to  appreciate  by  the  series  this 
important  truth :  "So  great  is  the  power  of  production  of  railroads,  that 
whenever  comijetition  is  established  between  two  separate  enterprises 
in  the  same  region,  or  in  analogous  zones,  the  new  line,  instead  of 
diminishing  the  entries  of  the  older,  increases  them  considerably "; 
confirming  in  this  manner  a  i^rinciple  recognized  in  all  civilized  coun- 
tries in  which  railroads  have  been  properly  and  wisely  established, 
that  these  elements  are  creators  of  wealth.  These  results,  although 
very  imj)erfect  in  Mexico,  notwithstanding  the  great  impulse  given  to 
railroads  in  late  years,  demonstrate  the  correctness  of  the  aphorism 
by  an  English  statesman  who  says:  "Allow  the  country  to  make  the 
railroad,  and  the  railroad  will  make  the  country  ";  but  only  when  our 
railroad  system  is  i^erfected  will  this  be  fully  realized;  when  we  have 
woven  the  important,  the  fundamental,  threads  which  are  wanting  and 
which  must  be  built,  in  order  to  maintain  regular  pecuniary  relations 
with  the  markets  of  the  United  States  and  Europe,  then  there  wfll  be 
a  great  gestation  of  wealth,  and  the  activity  already  begun  shall  be  in 
full  growth,  and  Mexico  will  be  able  to  utilize  to  its  own  profit,  and 
the  profit  of  the  entire  world,  its  advantageous  geographical  p6sition 
and  unusual  stores  of  uuboundeel  wealth. 
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Having  cousiclered  the  exposition  of  the  development  unfolded 
by  the  railroads,  the  Avriter  will  proceed  to  study  the  parts  of  the  sys- 
tem yet  to  be  built,  AN-ith  the  j^urpose,  as  far  as  the  limits  of  the  paper 
will  permit,  of  completing  the  subject. 

It  will  be  sufficient  to  take  into  consideration  only  the  principal 
lines  in  order  to  demonstrate  the  annual  increase  due  to  the  beneficent 
influence  which  the  new  lines  have  exercised  upon  those  established 
earlier. 

A  superficial  insiDection  of  the  foregoing  table  is  enough  to  con\ance 
one  of  the  rapid  advance,  not  only  in  j^roportion  to  the  augmented 
length  of  line,  but  in  an  increasing  ratio  which  has  attended  the  business 
and  earnings  of  the  four  principal  enterprises  of  the  country.  In  fact, 
the  Mexican  Eailroad  Company  which,  with  the  exception  of  its 
subordinate  line  from  Ometusca  to  Pachuca,  has  not  inci'eased  its 
kilometrage,  has  increased  its  earnings  from  ^1  800  000  to  34  000  000 
during  the  period  under  consideration,  a  most  excellent  showing  in 
view  of  the  very  notable  circumstance  that,  during  the  year  1880,  in 
which  the  Interoceanic  Company  began  oijeration,  there  was  a  sub- 
stantial increase  in  the  earnings  of  the  Mexican  Company. 

With  regard  to  the  Mexican  Central,  it  is  quite  apparent  that  its 
competitor,  the  Mexican  National,  very  far  from  injuring  it  by  the 
establishment  of  its  line  to  Laredo,  has  stimulated  it,  both  lines  show- 
ing notable  increase  in  anniial  entries. 

Neither  did  they  suffer  in  the  dreadful  crisis  produced  in  the  last 
years  by  the  failure  of  the  crops,  the  low  price  of  silver,  the  bad  state 
of  the  public  health  in  all  the  more  thickly  ijojjulated  places  of  the 
country,  and  the  rest  of  the  circumstances  which  impoverished  the 
citizens  and  interfered  with  business  ;  so  that,  despite  the  obstacles 
which,  taken  separately,  tended  to  diminish  the  earnings  of  the  railroad, 
they  were  able  to  jsush  forward  with  great  strength  everywhere  for  so 
long  a  time,  and  the  growing  railroad  system  has  kept  up  its  business 
and  in  operation  in  all  the  development  of  the  system,  extending  over 
the  whole  region  of  country,  and  facilitating  communication,  both  inter- 
continental and  interoceanic. 

According  to  the  data  received  from  original  sources  for  the  year 
1891,  the  traffic  on  the  Mexican  railroads  amounted  to  from  5  000  000 
to  6  000  000  of  passengers  and  more  than  3  000  000  tons  of  freight,  the 
gross  earnings  being  $20  000  000  (pesos). 
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At  the  time  of  writing  it  is  not  possible  to  assemble  tlie  data  for 
the  year  just  past,  for  there  has  been  no  minister  in  the  office  of  Sec- 
retary of  Communications  and  Public  Works  ;  but  if  we  take  as 
basis  the  proportionate  increase  in  the  earnings  year  by  year,  and  con- 
sider that  in  1892  there  have  been  put  into  operation  the  important 
lines  from  Torrean  to  Durango,  and  from  Tecomavaca  toOaxaca,  there 
■will  be  no  risk  in  assuming  for  that  year  a  total  earning  of  825  000  000 
(pesos)  for  all  the  railroads. 

Nearly  8200  000  000  {pesos)  have  been  expended  in  the  construction 
of  railroads  up  to  this  time,  not  including  the  line  across  the  Isthmus 
of  Tehuantej)ec,  which  has  had  so  many  different  estimates  and  under- 
gone so  many  changes  of  plan  that  it  is  not  easy  to  give  even  an  approx- 
imate idea  of  its  cost.  But,  however,  we  repeat,  those  already  opened  to 
operation,  wholly  or  in  part,  not  taking  into  account  the  estimates  for 
the  rest  of  the  lines  hereafter,  have  cost  8200  000  000,  approximately. 
Of  this  the  Government  has  advanced  to  the  companies  nearly 
876  000  000,  it  is  said,  more  than  a  third  j)art  of  the  whole  sum,  in 
form  of  subventions,  which  vary  from  83  500  to  89  500  per  kilometer 
(85  600  to  815  300  iier  mile),  according  to  class  and  condition  of  each 
road. 

In  three  cases  only  among  the  more  important  lines  the  Govern- 
ment has  adoi^ted  another  system  of  subvention  ;  these  are  the  Mexi- 
can and  Vera  Cruz  E.  K. ,  for  which,  it  is  understood,  a  fund  of 
88  000  000  (pesos)  was  appropriated  out  of  the  maritime  duties,  in  a 
certain  percentage  of  the  entries  amounting  to  about  8560  000  annu- 
ally ;  also  the  Puebla  and  Oaxaca,  and  the  Matamoros,  Yzticar  and 
Acapulco  lines,  which  drew  from  the  Government  8%  interest  on  the 
cost  of  the  road  when  constructed  at  the  rate  of  830  000  per  kilometer 
(848  000  per  mile).  This  value,  this  almost  unheard-of  subvention, 
serves  to  demonstrate  the  difference  at  the  present  time,  when  the  rail- 
road system  meets  with  general  encouragement,  and  in  which  the 
Government  has  adopted  the  principle  in  general  of  granting  no  more 
subventions  ;  only  the  great  necessity  of  iJushing  forward  the  work  of 
the  companies  which  are  building  lines  to  the  Pacific  has  obliged  it  to 
break  the  rule  and  to  assist  in  a  powerful  manner  those  who  have 
appealed  to  it  to  complete  the  system. 

In  a  general  view  of  the  business  from  ocean  to  ocean,  and  we  may 
say  from  one  end  of  the  Republic  to  the  other,  the  companies  which 
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are  projecting  new  lines  have  gone  about  it  with  proper  energy  and 
after  taking  into  account  the  business  to  be  secured,  to  which  they 
will  give  greater  facility,  and  what  capital  is  required. 

The  experience  acquired  upon  previous  studies  and  surveys  by  the 
Mexican  engineers  has  given  them  an  aptitude  for  verifying,  in  the 
most  difficult  locations,  the  economies,  in  time  and  money,  of  construc- 
tion. The  price  of  labor,  always  very  low  in  this  country,  has  been 
cheajjened  still  more  since  the  peons  and  Mexican  laborers  have  become 
skilled  in  the  work  of  which  at  first  they  knew  nothing  ;  the  facility 
and  economy  in  the  transportation  of  materials,  both  native  and 
foreign,  which  have  been  carried  for  ingots,  instead  of  paying  dearly 
for  transportation,  as  was  formerly  the  case  ;  and,  lastly,  all  the  essen- 
tials for  the  exploitation  are  met  and  can  be  utilized  anywhere,  jjre- 
senting  to  the  companies,  as  we  have  said,  a  wide  field  for  basing  their 
calculation  in  a  very  positive  degree,  which  enables  them  to  do  work 
with  great  success  without  assistance  from  the  public. 

We  may  truly  say  that  we  have  entered  upon  the  second  era  of  rail- 
road building,  in  that  we  are  able  to  establish  them  without  subventions 
with  assured  success  to  sustain  their  cost  and  meet  interest  charges  on 
the  capital  invested.  The  present  improving  condition  of  material  pro- 
ductions, which  has  been  proved  to  exist  in  most  cases,  is  a  guarantee 
to  those  who  hereafter  may  come  here,  to  engage  in  any  enterprise,  that 
to  secure  the  expected  profit  it  is  only  necessary  to  analyze  the  business 
thoroughly,  not  to  waste  all  the  funds  in  bad  management  and  not  to 
falter  on  account  of  questions  of  expediency  for  the  shareholders. 

The  third  epoch  for  the  construction  of  railroads  is  perhaps  already 
late  in  arriving,  but  will  follow  the  first  two  ;  and  when  that  time  comes 
such  enterprises  will  be  developed  as  will  pay  for  their  establishment  in 
local  interests.  These  will  be  chiefly  small  branches  to  serve  as  feeders 
for  the  main  roads,  their  imi^ortance  not  being  great  as  regards  dis- 
tance covered,  but  the  business  they  will  induce  will  be  very  extensive, 
it  being  impossible  to  fix  the  limit  to  the  local  necessities  which  will 
arise  and  which  invariably  adjust  themselves  to  the  measure  of  the 
business  activities. 

It  is  now  in  order  to  make  a  brief  reference  to  the  financial  condition 
of  the  four  principal  railroads  we  have  considered,  with  the  object  of 
having  it  serve  as  a  study  for  those  who  may  come  to  renew  railroad 
building  in  this  country.     During  the  year  1891,  which  is  the  last  one 
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for  which  we  have  the  figures,  the  percentages  of  net  earnings  were  as 
follows  : 

Mexican  Railway 42%  of  gross  eai*nings. 

Inter  oceanic  Railroad Bl%         "  " 

Mexican  Central  Railway 33% 

Mexican  National  Railroad 30%        "  " 

From  this  it  is  evident  that  the  Mexican  Railway,  notwithstanding 
its  excessive  construction  account,  must  possess  an  excellent  manage- 
ment, and  in  turn  enjoy  excellent  oi:)i5ortunities  to  secure  business,  the 
operating  expenses  being  for  these  two  reasons  relatively  small. 

The  Mexican  Central  Railway,  which  is  ojjerated  in  a  well-chosen 
district,  and  for  the  most  part  with  few  accidents,  unites  to  these  con- 
ditions a  well-ordered  administration  and  the  heavy  subventions  which 
it  has  received,  amounting  to  the  sum  of  .§28  000  000. 

The  Interoceanic  Railroad,  constructed  at  a  low  cost  and  with  good 
subventions,  has  been  able  to  sustain  its  heavy  maintenance  charges, 
and  to  counteract  some  of  the  defects  of  its  administration  which  have 
consumed  a  large  part  of  its  earnings,  and  may  be  said  not  to  have 
really  suffered  from  these  defects,  for  it  is  the  railroad  which  earns  the 
largest  rate  of  interest  annually. 

Lastly,  the  .Mexican  National  Railroad,  which  has  an  enormously 
high  construction  account  while  it  did  not  get  such  strong  subventions, 
and  is  not  very  well  managed,  consumed  on  this  account*  70%"  of  its 
gross  earnings,  which  are  not  very  abundant ;  of  the  four,  in  the  writer's 
judgment,  it  is  located  in  the  most  disadvantageous  position. 

The  fact  is,  that  while  the  Mexican  Railway  has  paid  between  6  and 
7%  per  annum,  the  Interoceanic  between  8  and  9%,  and  the  Central 
13  to  14:%,  the  Mexican  National  has  only  realized  about  4  per  cent. 

Doubtless  the  low  earnings  of  the  last-named  road  will  go  on  in- 
creasing from  year  to  year,  but  at  the  present  time  it  is  paying  the 
tribute  due  especially  to  its  wasteful  construction,  for,  notwithstand- 
ing its  being  a  narrow-gauge  road,  it  has  cost  50%  more  per  kilometer 
than  the  Central. 

In  concluding  this  memoir  the  writer  will  occupy  himself  with  the 
supplementary  railroad  system  as  actually  projected  in  connection 
with  the  several  great  lines  and  for  perfecting  local  communication. 

*  The  author  omits  to  mention  here  that  the  Mexican  National  is  narrow-gauge,  while  the 
other  three  are  standard  gauge;  farther  on,  however,  he  refers  to  the  first  fact. — Translator, 
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Many  lines  have  been  granted,  the  greater  part  with  subventions, 
awaiting  improvement  in  the  financial  condition  to  be  built ;  the  de- 
velojiments  of  these  lines,  which  are  given  below  in  Table  No.  3,  are 
only  approximate,  inasmuch  that  generally  they  are  not  yet  finally 
located. 

In  the  accompanying  map  the  probable  locations  of  the  lines  named 
are  shown. 

TABLE   No.  3. 


Mexican  Supplementaey  Lines. 


Length. 
Kilometers. 


Hidalgo  and  North  Eastern  Eailroad: 

Los  Romei'os  to  Tuxpan 250 

Alvarado  Eailroad  Company: 

Alvarado  to  Tehiaantepec 250 

Mexican  Interoceanic : 

Jojutla  to  Amacusac 80 

Sinaloa  and  Durango  Railroad  Company: 

Culiacan  to  Durango 450 

Mexican  Central  Railway  Company : 

Guadalajara  to  S.  Bias 350 

Mexican  National  Railroad  Company : 

S.  Miguel  to  Monterey  or  to  Laredo 250 

Morelia  to  Colima 400 

650 

Merida  and  Peto  Railroad  Company : 

Tekan  to  Peto 60 

Merida  and  Valladolid : 

Cansahcab  to  Valladolid 125 

Merida  and  Campeche : 

Hecelchakan  to  Mazatlan 60 

Mexican  International  Railroad  Company: 

Durango  to  Mazatlan 300 

San  Marco  and  Nautla  Railway  Company : 

Huitzitzitlapan  to  Nautla 140 

San  Benito  and  Tapachula  Railroad  Company : 

San  Benito  to  Tapachula 60 

Tapachula  to  Tehuantepec  Railway 560 

620 


370  BASAVE  ON  RAILROADS  IN  MEXICO. 


Length. 
Kilometers. 


Mexican  Southern  Eailway  Company: 

Oaxaca  to  Tehuantepec 240 

Mexican  Pacific  Eailway  Company: 

Mexico  to  Cuernavaca  and  Palizacla 450 

Tonala  and  Frontera  Railroad  Company : 

Taltan  to  Frontera 360 

California  Bay  Railroad  Company : 

San  Quintin  to  Rio  Colorado 30p 

San  Quintin  to  Tiguana 300 

San  Quintin  to  Los  Angeles  Bay 420 

Rio  Colorado  to  Magdalena 630 

Magdalena  to  Mexican  Central  Railway 620 

2  270 

Sonora,  Sinaloa  and  Chihuahua  Railroad  Company: 

Guaymas,  via  Alamos  to  Topolobampo 570 

Topolobami^o  via  Fuerte  to  Ciudad  Guerrero 510 

1080 

Sierra  Mojada  and  International  Railroad  Company 450 

Zamora  and  Zihuatanejo  Railroad  Company 400 

Cordoba  and  Tuxtepec  Railroad  Company 130 

Pachuca  and  Tampico  Railroad  Company : 

Angangueo  to  Yguala 240 

National  Railroad  Company  of  Tehuantepec: 

Intermediate  portion 60 

Matamoros,  Yzucar  and  Acapulco  Railroad  Company: 

Tlancualpicana  to  Acapulco   340 

Matamoros  and  Matehuala  Railroad  Company 600 

Matamoros  and  San  Luis  Potosi  Railroad  Company 800 

Mazatlan  and  Camargo  Railroad  Company: 

Toi^olobampo  to  Presidio 930 

Aguas  Calientes,  Guadalajara  and  Cham ela Railroad  Com- 
pany         585 

Continental  Railroad  Company: 

Matamoros  to  Tuxpan 825 

Tuxpan  to  TehuauteiDec  Railroad 675 

Tuxi^au  to  Mexico 375 

1875 
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Lopglb. 
Kiluiiiuters. 

The  remaiuiug  lines  of  this  company  have  not  been  deter- 
mined upon. 

Tuhi,  Zacnaltipau  and  Tuxpan  Railroad  Company 345 

Ishmus  of  Teluiantepec  Railroad  Company  to  the  Guate- 
mala Foundry 570 

Saltillo  and  International  Railroad  Company: 

Saltillo  to  Jural 75 

Toluca  and  Cuernavaca  Railroad  Company 100 

Mexico  and  Zacatula  Railroad  Company 525 

Total  (9  994  miles) 16  085 

Some  of  these  concessions  have  lapsed,  but  as  the  greater  number 
of  them  possess  subventions  and  all  are  lines  with  a  great  future,  it  is 
believed  that  in  a  short  time  they  will  be  rehabilitated,  inasmuch 
as  at  the  present  time  there  is  a  sense  of  solicitude  and  a  very 
favorable  disposition  on  the  part  of  the  Mexican  government  to  push 
forward  the  construction  of  the  railroads  Avhich  are  lacking,  though 
not  with  such  great  exjjenditures  as  was  at  first  necessary,  in  which 
there  was  always  blundering  and  great  waste  of  money  by  the  com- 
panies, who  nearly  all  rushed  blindly  into  enterprises  regardless  of 
consequences. 

We  are  able  to  calculate  ajaproximately  the  additional  caj)ital  re- 
quired for  the  extension  of  the  Mexican  railroads  in  accordance  with 
the  above  enumeration;  3300  000  000  or  §400  000  000  will  be  necessary 
to  cover  the  system  of  through  lines,  and,  perhaps,  as  much  more  to 
complete  the  local  roads. 

This  is  not  an  appropriate  moment  for  believing  that  all  this  will  be 
accomplished  within  a  very  short  time,  but  we  may  take  comfort  for 
the  present,  while  still  in  the  midst  of  the  economic  struggle  which 
l^reoccupies  all  nations,  that  we  are  able  to  continue  building  two  or 
three  of  the  more  imijortant  lines,  bringing  us  near  to  the  establishing 
of  interoceanic  communication,  which  for  many  comj)lex  reasons  has 
been  so  long  retarded,  to  the  injury  of  the  entire  country. 

The  greatest  injury  by  this  delay  has  been  to  the  western  territory, 
in  which  are  situated  such  rich  and  imjjortant  places  as  Guadalajara, 
Morelia,  Durango,  Oaxaca  and  manv  others,  where  also  await  facile 
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communication  the  numerous,  abundant  and  rich  products  of  the 
tropics — rice,  chocolate,  coffee,  indigo,  fruits  of  various  kinds,  valuable 
woods  and  many  other  miscellaneous  products — which  are  being  lost  for 
lack  of  consumers,  and  which,  ere  long,  will  be  scientifically  cultivated 
and  transported  to  all  the  centers  of  consumption,  giving  rise  to  a 
prosperity  of  which,  j)erhai3s,  their  owners  have  as  yet  formed  no  con- 
cei^tion. 

The  lines  on  which  construction  is  now  being  jsrosecuted  are  the 
Tehuantepec  National  Railway,  which  it  is  said  will  be  completed  by 
the  end  of  the  present  year,  thus  realizing  a  desire  which  Mexico  has 
cherished  for  nearly  a  century;  the  Matamoros,  Yzucar  and  Acapulco 
Railroad,  which  extends  through  the  richest  and  most  productive 
regions  of  the  States  of  Puebla  and  Guerrero;  and  the  Cuernavaca 
and  Pacific  Railroad,  just  started  at  the  capital  of  the  Republic,  and 
which  will  soon  reach  the  State  of  Morelos  and  continue  its  march 
towards  the  Pacific,  opening  up  the  riches  of  the  unknown  and 
now  neglected,  but  not  the  less  fertile,  lands  of  Guerrero.  The  Hidalgo 
and  Northeastern  road  is  also  under  construction  to  Tuxpan,  and 
other  railroads  in  Yucatan. 

Si^ace  is  lacking  to  pursue  the  discussion  of  so  vast  a  subject. 
Scarcely  more  has  been  done  than  to  call  attention  to  the  leading  points 
of  our  railroad  situation,  and  perhaps  these  cursory  notes  -n-ill  bring 
out  very  little  that  is  useful.  In  endeavoring  to  study  all  the  cii'cum- 
stances  which  more  or  less  directly  affect  the  works  already  built  or 
those  we  desire  to  build,  they  may,  perhaps,  have  been  passed  over  too 
superficially,  and  yet  it  may  be  said  that  it  has  not  been  easy  to  con- 
sider them  all  with  the  desired  care;  but  the  subject  is  too  complex  to 
formulate  a  good  and  complete  study  upon  the  matter  as  thoroughly 
as  is  necessary,  to  give  a  methodical  estimate  of  them  all  without  ex- 
ceeding the  time  now  available,  and  yet,  without  the  essential  gifts 
for  close  study  and  methodical  research,  iierhaj^s  there  may  be  con- 
veyed, between  these  lines,  something  more  than  the  small  measure  of 
their  apparent  value. 
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The  study  of  a  railroad  line  can  be  divided  into  two  parts  which 

are  intimately  related  to  one  another,  the  financial  and  the  technical. 

The  first  relates  to  the  probable  valuation  of  the  earnings  which  the 

line  can  command,  taking  as  the  foundation  of  its  considerations  the 

present  traffic  between  its  terminals  and,  generally,  of  the  territory  along 

its  base;  the  lawful  rates  i^can  obtain;  the  amount  of  capital  that  can 

NoiE.— Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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be  secured  for  the  enterijrise  in  question;  the  jirofits  to  be  derived;  the 
cost  for  which,  in  favorable  circumstances,  it  can  be  built,  and  the  in- 
creased traffic  to  be  develojied  by  the  industries  and  by  agriculture  at 
points  reached  by  the  line,  due  to  the  facility  and  rapidity  of  commu- 
nication afforded. 

The  second,  that  is,  the  technical,  belongs  to  the  engineer,  embraces 
exjDloration  of  the  country  for  a  location,  the  cost  of  which  shall  be  the 
least  possible.  This  problem  is  truly  a  difficult  one,  requiring  gener- 
ally and  in  all  important  lines  much  practice  and  experience,  inasmuch 
that  almost  always  it  must  be  decided  at  first  sight  uj^on  jirinciples 
which  afterwards  necessitate  jsrofound  study. 

The  comparison  of  the  approximate  value  of  the  cost  of  the  line 
with  the  provision  by  the  estimated  traffic  determines  whether  the 
study  can  be  adhei*ed  to;  and,  finally,  in  view  of  the  revised  data,  the 
estimate  decides  the  construction  of  the  line. 

It  should  here  be  stated  that,  not  ha\-ing  the  final  data  of  the  sur- 
veys and  estimates  for  the  projected  railroads  between  Guadalajara 
and  either  San  Bias,  Chamela  or  Manzanillo,  the  writer  jsroposes,  in 
studying  these  projects,  to  advert  only  to  the  figures  of  the  traffic  as 
furnished  by  the  Chamber  of  Commerce  of  this  capital.  For  the  tech- 
nical information  regarding  the  railroad  line  to  San  Bias  he  is  indebted 
to  the  kindness  of  the  Chief  Engineer,  Senor  D.  Porferio  Somelli, 
and  for  the  data  of  the  lines  to  Chamela  and  Manzanillo,  respectively, 
by  favor  of  Chief  Engineer  Don  Carlos  Ockon  Arronis. 

The  data  furnished  by  the  Chamber  of  Commerce,  in  an  extended 
and  conscientious  report  to  the  State  Government,  assigns  for  the 
movement  of  merchandise  on  any  one  of  the  three  lines  of  which  it 
treats,  200  000  tons  per  kilometer,  and  a  like  number  of  passengers. 
To  obtain  these  figures  the  Chamber  took  the  amount  of  annual  col- 
lections that  had  been  made  at  the  toll  houses  in  the  towns  along  the 
projected  routes,  such  as  Zocoalea,  Sayula,  C.  Guzman,  Tepic,  Etzat- 
lan,  Ahualulca,  Ameca,  etc.,  and  also  the  records  of  the  annual  agricul- 
tural production  of  Talisco,  Colima  and  Tepic.  Such  records  are  the 
most  reliable  that  could  jjossibly  be  obtained,  for  they  are  derived  from 
the  actual  traffic  and  from  the  official  count  of  the  j^roduction;  they 
have  been  taken  for  the  basis  of  the  present  study. 

In  the  introduction  to  the  part  that  relates  to  the  end  in  view,  they 
sav  as  follows: 
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' '  In  estimating  the  freight  traffic  at  an  annual  average  of  200  000  tons, 
for  the  knist  annually,  on  the  lines  referred  to,  we  based  the  subscrip- 
tion on  the  legal  records  which  are  found  in  the  municipal  exchange 
of  the  capital;  those  that  refer  to  the  traffic  have  been  obtained  from 
the  Custom  House  of  Mexicalcingo,  which  rej^resents  the  principal  jDart 
of  the  freight  movement  between  Guadalajara  and  the  southern  part  of 
Talisco,  Colima  and  the  Pacific  Coast,  amounting  in  the  last  half  year  of 
1892  to  §6  129.83;  revenue  from  tolls  upon  vehicles  and  beasts  of  bur- 
den with  freight  of  various  kinds  entering  the  city  throiigh  the  custom 
hoiise;  and  the  traffic  of  the  first  six  months  of  the  year  being  greater 
than  of  the  second,  we  have  deduced  the  subscrii)tion  of  S12  500  as  oui 
estimate  for  the  least  annual  revenue  at  that  place.  At  Salida  we  esti- 
mate 810  000,  for  the  road  tolls  are  not  so  heavy,  and  we  only  calcu- 
late the  produce  to  be  worth  SI  per  load,  which  corresponds  to  a 
considerable  movement,  and  considering  also  that  the  freight  pays 
specific  duties,  and  that  the  cattle  and  the  like  which  the  railroad  would 
be  able  to  transport  j^ay  no  duties  on  entrance,  or  in  passing  through 
the  capital,  we  deduce  the  total  annual  freight  movement,  according  to 
the  custom  house,  amounting  ujaon  a  conservative  estimate  to  200  000 
tons." 

"In  calculating  the  traffic  for  some  of  the  principal  towns  of 
Southern  Talisco,  which  would  pay  tribute  to  the  railroad  at  Colima 
and  Manzanillo,  and  in  order  to  obtain  another  subscription  of  reliable 
data,  we  looked  np  the  freight  movement  at  C.  Guzman,  the  principal 
town  or  cabacera  of  the  ninth  canton  of  the  State  of  Talisco.  The  re- 
sults here,  according  to  reliable  information  from  Seiior  Sullivan,  se- 
lected by  competent  persons  to  sj)eak  for  the  town,  amounted  to  more 
than  1  200  000  packages  of  freight  of  6  to  8  arrobas  (150  to  200  lbs.), 
approximately,  each,  in  every  year  of  the  five  years  covered  by  the 
information;  this  quantity  is  equivalent  at  least  to  100  000  tons  per 
kilometer,  without  including  cattle  and  other  animals  that  will  be 
carried  by  the  railroad. 

"  The  traffic  obtainable  in  the  capital  of  Ojarita  del  Carmen  and 
^apopan,  representing  the  major  part  of  that  which  exists  between 
Guadalajara  and  the  western  portion  of  the  State  of  Talisco,  Territory 
of  Tepic,  and  the  States  of  the  extreme  western  part  of  the  Republic, 
etc. ,  equals,  approximately,  that  of  Mexicalcingo. 

"  The  freight  traffic  of  the  city  of  Tepic,  according  to  figures  of 
bonded  merchandise  obtained  from  the  custom  house  there,  given  me 
by  the  illustrious  Secretary,  Seiior  Manuel  M.  Gonzales,  was,  in  the 
fiscal  year  of  1891-92,  173  459  packages.  Estimates  by  this  officer 
place  the  total  movement  of  merchandise  at  much  more  than  of  that 
which  pays  duty,  because  the  latter  does  not  include  any  articles  that 
do  not  pay  port  charges.  There  are  many  articles  Avhich  do  not  pass 
through  the  custom  house,  such  as  beans  and  corn,  and,  according  to 
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persons  well  known  in  Tejjic,  not  less  than  50  000  bushels  of  corn 
enter  annually,  and  the  other  cereals  in  proportion. 

"  It  may  possibly  be  that  the  share  of  traffic  of  each  capital  of  ter- 
ritory is  unduly  large  relatively  to  the  remaining  towns  of  this  district, 
among  which  are  contained  others  as  rich  and  as  full  of  traffic,  as 
Yxtlan,  Santiago  and  Acaponeta;  nevertheless,  it  may  still  be  affirmed 
with  all  confidence  that  this  region  is  a  suitable  field  for  the  railroad 
of  which  we  treat,  and  in  a  very  considerable  degree. 

"  Turning  our  attention  to  the  present  condition  of  things,  in  re- 
gard to  the  occupation  of  this  territory  by  a  railroad  immediately,  we 
mav  sav  that  it  is  almost  entirely  isolated  from  the  rest  of  the  country, 
being  connected  wdth  it  only  by  a  road  which  is  almost  entirely  impas- 
sible through  neglect;  but  by  means  of  easy  communication  this  terri- 
torv  may  be  placed  in  condition  to  command  both  the  eastern  and 
western  markets  of  the  Republic,  and  its  transformation  will  be  quick 
and  mai-velous,  for  the  reason  that  it  is  a  privileged  region  and  suitable 
for  developing  in  a  high  degree  a  multitude  of  agricultural  and  manu- 
facturing industries." 

The  same  may  be  said  respecting  the  present  and  future  of  the  can- 
tons of  the  States  of  Talisco  and  Colima,  no  matter  by  which  route  the 
iron  road  reaches  the  Pacific  seaboard,  for  it  will  bring  each  of  these 
extensive  regions  into  activity  without  i)rejudice  to  the  other  ;  on 
the  contrary,  the  whole  territory  will  be  enabled  by  means  of  lateral 
branches  to  avail  itself  of  the  beneficial  effect  of  the  railroads,  as  was 
demonstrated  in  an  important  technical  report  rendered  recently  to 
the  Board  of  Directors  of  the  Central  Railroad. 

Besides  these  factors  for  appraising  the  freight  traffic  existing  and 
to  be  developed  on  these  lines  of  railroad,  it  has  been  found  very  con- 
venient to  take  in  connection  with  them  the  official  records  of  recent 
date,  which  give  ready  to  the  hand  the  agricultural  and  industrial  sta- 
tistics, etc. ,  in  the  States  of  Talisco  and  Colima  and  Territory  of  Tepic. 
The  results  are  for  the  most  part  in  favor  of  there  being  a  railroad  from 
Guadalajara  to  the  Pacific  ports,  and  in  effect  reproducing  what  we 
find  given  in  the  "Statistics  of  the  Mexican  Rei^ublic,"  by  Seuor  E. 
Busto,  published  as  an  appendix  to  the  Report  of  Revenue;  from  them 
the  following  figures,  giving  the  principal  j^roductions  of  Talisco,  ai'e 
taken : 

Corn 608  410  000  kg. 

Beans 20  628  360    " 

Wheat 74  310  000    " 
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I 


(Talisco  and  Tej^ie. 


(Talisco  and  Tepic] 


Mescal,  refined 98  000  ban-els. 

Mescal,  ordinary 12  397        " 

Kum,  from  cane 12  320 

Palm  liats 185  672  pieces. 

Pulque,  ordinary 116  250  arrobas. 

Linseed  oil 3  650       " 

Vetch 590  520  kg. 

Cotton 2,448  000 

Sesame 123  570 

Anise  seed 93  610 

Indigo 9  452 

nice 1  074  360 

Barley 2  272  000    " 

Cumin 30  054" 

Pepper 5  970  000    "             "                    " 

Chicory 330  860    "      (TaHsco.) 

Haba  beans 862  956   " 

Potatoes 774  860   " 

Masas 19  690   " 

Straw 33  650  000    " 

Beer 16  200  barrels. 

Tobacco 2  422  300  kg.      (Talisco  and  Tepic.) 

Sugar  and  molasses 2  950  500    " 

Before  footing  up  the  total  jiroductions  of  Talisco  v>e  must  add  the 
product  of  the  manufacturing  industries  and  of  mining,  cattle-raising, 
etc.,  which  requires  transportation  to  the  State  capital,  the  principal 
towns  of  the  south,  southeast  and  east  of  the  State  of  Colima,  the 
Territory  of  Tei^ic  and  to  Pacific  ports. 

Respecting  the  quantities  of  the  productions,  agricultural  and 
other,  of  the  State  of  Colima,  we  have  taken  from  the  statistics  cited 
the  following  data  of  annual  productions  : 

Corn 39  100  000  kg. 

Wheat 5  500  000 

Barley 9  750  000 

Beans 564  000 

Cotton 1  500  000 

Indigo 5  400 
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Eice 1  770  000  kg. 

Sugar  and  molasses   102  000    " 

Chocolate 4  250*  " 

Coffee 300  000    " 

Pepper 395  000    " 

Tobacco 10  180    " 

Vanilla 148    " 

Eum,  from  cane 327  barrels. 

Beer 1236       " 

Mescal,  ordinary 3  265       " 

Straw  hats 6  216  j^ieces. 

Wine  of  coca 1  632  arrobas. 

Tolu 9  854 

In  the  following  exhibit  we  give  the  four  principal  agricultural 
productions  of  the  Territory  of  Tepic,  according  to  the  same  statistics 
of  the  Republic  : 

Corn 138  000  000  kg. 

TVTieat 14  000  000     " 

Beans 3  250  000     " 

In  respect  of  the  quantity  of  rice,  sugar,  tobacco  and  cotton  which 
are  figured  among  the  productions  of  Talisco  before  given,  they  are 
assumed  to  be  half  of  the  corresijonding  quantities  in  the  Territory  of 
Tepic. 

In  the  railroads  throughout  the  country  which  have  as  great  ton- 
nage as  in  this  case,  50%  of  the  gross  earnings  are  consumed  in  oper- 
ating, leaving  the  other  50"^  as  return  on  the  invested  capital. 

By  the  projected  line  from  San  Bias  to  Guadalajara  the  distance  is 
348  km.  (216  miles),  and  assuming  the  average  rate  to  be  fixed  at  4 
cents  per  ton  of  1  000  kg.  (2  205  lbs.)  per  kilo.  (7  cents  per  ton-mile) 
and  2  cents  per  passenger  (3^  cents  per  passenger-mile),  there  would 
be  earned  annually  M  176  000,  of  which  ^2  088  000  would  return  to  the 
capital  invested.  The  capitalization  being  at  the  rate  of  10%  annu- 
ally, we  obtain  the  sum  of  320  880  000  for  the  allowable  expenditure 
for  the  construction  of  the  line  of  which  we  are  treating. 

*  This  amount  ig  in  error  ;  should  be  between  40  000  and  50  000  kg. — Tbanslatob. 
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Similarly  ou  the  liue  to  Chamela  the  (listance  is  433  km.  (209 
miles),  on  which  the  revenue,  calculated  in  the  same  manner  as  before, 
would  allow  of  a  first  cost  of  1^25  980  000. 

For  the  Manzanillo  line  we  find  analogous  results. 

The  line  from  San  Bias  has  been  examined  for  the  Central  Mexican 
Railway  people;  from  Gitadalajara  to  ElReftigio,  in  a  length  of  45  km., 
it  has  a  maximum  grade  of  1^  per  cent.  It  follows  generally  the 
Ameca  Avagon  road,  deviating  at  several  points  to  obtain  more  uni- 
form gradients.  It  passes  through  La  Venta,  El  Reventon,  with  a 
small  tunnel,  Los  Lomelines,  Huaxtla  and  El  Refugio.  At  El  Refugio 
it  forks,  there  being  tM'o  alternates,  one  by  the  Sierra  de  Pajaritos  and 
the  other  by  the  Ameca  River  Valley. 

The  last  would  be  selected,  as  it  follows  the  natural  water-courses, 
but  for  the  difficulties  which  occur,  the  lowness  of  the  line,  and  its  ex- 
posure and  very  great  cost  of  maintenance. 

Beyond  El  Refugio,  until  it  enters  the  real  canon  of  the  Ameca  River, 
there  are  about  51  km.  of  smooth  ground,  with  light  grades  and  easy 
construction,  save  at  three  or  four  points  of  no  great  importance.  The 
line  passes  Ameca  and  follows  the  right  bank  of  the  river.  Continu- 
ing down  the  eaiion  it  meets  with  narrow  and  difficult  defiles,  nar- 
row banks  which  the  river  fi-equently  overflows,  the  jjassage  of  which 
in  some  manner  cannot  be  avoided,  and  having,  in  fine,  a  thousand 
difficulties  before  reaching  any  other  town  of  importance;  there  we 
arrive  at  San  Jose  del  Conde,  having  come  104  km.  The  grade  through 
the  canon  does  not  exceed  li^"  until  reaching  the  confluence  of  the 
River  Ahuacatlan.  At  this  point,  following  the  river  bank,  it  ascends 
with  a  2^%  grade  for  a  distance  of  about  20  km.,  which  continues 
until  arriving  near  San  Jose  del  Conde.  On  this  stretch  of  104  km. 
the  average  cost  will  run  as  high  as  iB40  000  per  kilometer  (^64  500  per 
mile),  because  of  the  heavy  works  of  construction  and  for  defense 
which  are  included. 

Returning  to  the  altei'nate  location  by  way  of  the  Pajaritos,  which 
is  the  one  that  in  the  writer's  opinion  shoiild  be  adopted,  we  will  con- 
tiniie  the  description.  From  El  Refugio  to  San  Jose  del  Conde  it  is 
divided  into  three  distinct  sections;  the  first  extending  to  San  Marcos, 
passing  throiigh  the  villages  and  towns  of  Teuchitlan,  Ahualulco, 
Etzatlan  and  San  Marcos,  with  a  develoiJment  of  53  km.  easy  gi*ades 
reaching  to  li%  on  very  short  stretches,  without  much  very  heavy 
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work;  average  cost  j^er  kilometer,  820  000  fS32  300  per  mile).  The 
second  section  extends  from  San  Marcos  to  Ocote,  a  distance  of  nearly 
50  km.,  including  the  passage  of  the  Sierra  de  Pajaritos.  The  line 
climbs  -with  a  ruling  gi-ade  of  2^^^,  compensated  with  grand  and  bold 
developments,  costly  rockwork  and  tunnels  and  bridges  and  viaducts, 
one  after  the  other.  To  prosecute  this  work  in  the  midst  of  the 
mountains  and  with  a  tunnel  of  1  km.  long  will  be  very  difficult, 
and  the  average  cost  is  estimated  at  §50  000  per  kilometer  (§80  000 
per  mile). 

The  third  section,  from  Ocote  to  San  Jose  del  Conde,  is  55  km. 
long.  The  line  follows  the  ground,  and  there  are  not  many  difficulties; 
the  grades  are  from  1  to  Ij/^,  following  the  valley  of  the  River  Ahual- 
altan  into  which  it  descends  after  leaving  Ocote,  passing  through 
Yxtlan,  Ahuacatlan  and  Tetitlan,  leaving  the  valley  by  ascending  the 
steps  of  San  Jose  del  Conde,  where  it  reunites  with  the  Rio  Aveca  line 
just  described.  The  average  cost  per  kilometer  is  §25  000  (§40  000 
per  milej. 

Engineer  Don  Resendo  V.  Corona,  by  order  of  the  State  govern- 
ment, made  a  study  to  avoid  if  possible  the  princij^al  difficulties 
which  the  former  lines  jiresent.  The  examination  by  Seiior  Corona 
only  indicated  a  proposed  line  without  estimates  of  cost.  This  line 
left  Etzatlan  following  through  the  ranchos  of  Palo  Verde,  Tlacuache, 
La  Canteria,  Puebla  de  Aconahua,  Hacienda  of  San  Rafael,  Los  Hor- 
nitos,  La  Palma  and  Los  Alamos;  then  it  continues  as  far  as  Amatlan 
de  Canas,  following  a  well-known  footpath  to  Palma,  then  skirting 
south  to  the  inn  at  La  Silleta,  and  descending  to  Amatlan  by  way  of 
La  Canada.  This  trajectory  was  60  km.  long  with  acceptable  grades, 
good  oijportunities  for  borrow,  an  easy  development  and  economical 
construction. 

Besides  the  princijDal  work  which  already  has  been  given,  this  line 
would  reqiiire  a  bridge  over  the  Arroyo  of  Terbabuena  and  a  tunnel 
.500  m.  long  beyond  the  rancho  of  Los  Alamos. 

From  Amatlan  the  line  continues  to  follow  the  course  of  the  river 
of  that  name  as  far  as  the  jjoint  known  as  Las  Juntas  ;  from  here  it 
ascends  to  the  pueblo  of  Garabatoz,  passing  an  extensive  "llamora," 
and  below  by  way  of  San  Valentin  to  the  Hacienda  of  Tepuchuacan  on 
the  north  side. 

Hence  it  follows   along  the  right  bank  of  the    River  Ameca   and 
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passing  the  confluence  with  the  Ahuacatlau,  to  San  Jose  del  Conde, 
where  Senor  Corona's  examination  terminated. 

From  San  Jose  del  Conde  to  Tepie  the  road  is  smooth,  with  light 
grades  passing  through  Compostelo  and  the  caiion  of  Miravalles,  from 
Avhich  it  enters  with  ease  the  village  of  Tepic,  the  length  of  this 
portion  being  64  km.  and  the  maximum  grade  does  not  exceed  1^%, 
broken  by  long  stretches  of  light  grade.  There  is  one  stretch  of 
12  km.  in  the  Miravalles  caiion,  where  several  bridges  and  much  rock- 
work  are  necessary. 

The  average  cost  per  kilometer  is  §22  000  (S35  400  per  mile). 

From  Tepic  to  San  Bias  there  is  only  one  location  and  a  very 
excellent  one,  notwithstanding  that  it  is  extremely  undulating,  with  a 
great  difiPerence  in  level  from  one  point  to  another  ;  the  distance  is  81 
km.  and  the  rviling  grade  is  2^%''  passing  through  Lamedo,  La  Tortuna, 
Barranca,  Blanco,  and  following  on  down  to  the  coast  about  30  km. 
before  reachiag  San  Bias.  This  line  has  heavy  ciits  and  fills,  some 
hard  rockwork  and  very  fretjueut  bridges.  The  average  cost  per 
liilometer  on  this  stretch  is  nearly  825  000  (840  250  per  mile). 

In  order  to  examine  the  total  cost  of  this  line,  the  foregoing  figures 
arc  arranged  in  tabular  form,  in  which  are  shown  the  lengths,  gradients, 
cost  per  kilometer  and  total  cost. 

TABLE  No.  1. 

£sTiiL\TE  OF  Cost  fob  a  Pkojected  Railroad  feom  Guadalajaba  to 

Sax  Blas,  via  the  Sierra  de  Pajaritos. 


■Guadalajara  to  Refugio 

Refugio  to  San  Marco , 

San  Marco  to  Ocote 

Ocote  to  San  Jose  del  Conde  , 
San  Jose  del  Conde  to  Tupic  , 
Tepic  to  San  Bias 


Total 

Miles,  aveiage  cost. 


Length.  Cost. 

Kilometer.    Kilometer. 


Cost. 
Total. 


348 
216 


Grade. 
Percent. 


45 

$22  000 

$990  000 

1^ 

53 

20  000 

1  060  000 

114 

50 

."iO  000 

2  500  000 

2« 

65 

25  000 

1  375  000 

l>i 

64 

22  000 

1  408  000 

1¥ 

81 

25  000 

2  025  000 

•iK 

$26  900 
43  300 


$9  35S  000  I 


The  estimated  total  cost  of  the  completed  line  amoimts,  then,  to 
S9  358  000,  as  above,  in  a  length  of  348  km.  (216  miles),  which  we  may 
increase  to  812  000  000  for  right  of  way,  station  buildings,  sxijierin- 
tendence,  plans,  etc. 
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In  this  it  is  assumed  that  we  might  expend  as  much  as  .*'20  000  000 
on  this  line,  which  will  earn  10"o^  of  that  amount  annually,  a  result 
"which  would  enable  the  undertaking  to  be  negotiated  with  the  assur- 
ance of  great  success,  especially  as  it  may  claim  an  ample  siibvention, 
which  the  Government  holds  out  to  the  company  for  its  construction. 

Unfortunately,  the  grantee  company  owns  the  railway  from  Mexico 
to  Paso  del  Norte,  with  the  branch  from  Trapuato  to  Guadalajara,  and 
probably  it  fears  that  the  establishment  of  the  line  we  treat  of  would 
cause  competition  by  oj^ening  up  a  new  route  for*  foreign  traffic. 

This  fear  the  -mriter  believes  to  be  unfounded,  because  the  domestic 
business  is  evidently  sufficient  to  sustain  the  new  railroad  and  earn  a 
profitable  revenue;  while  as  to  the  foreign  traffic,  notwithstanding  that 
it  would  take  the  shorter  line,  the  increased  volume  of  business  would 
make  up  for  the  shorter  haul.  This  obstacle,  more  apjjarent  than  real, 
which  the  Central  Comj^any  creates  for  this  line,  does  not  apply  to  the 
Ghamela  line,  because  it  is  clear  that  no  line  can  be  established  in 
competition  that  can  obtain  larger  revenues. 

No  detailed  description  of  this  line  is  given,  for  the  reason  that 
the  complete  studies  have  only  been  made  in  part.  The  resume  which 
follows  will,  however,  be  sufficient. 

TABLE  No.  2. 
Estimate  fok  the  Pkojected  Eaileoad  from  Guadalajara  to  the  Port 

OF  Chamela. 


Section. 

Length. 
Kilometers. 

COBt. 

Kilometers. 

Cost. 
Total. 

Grade. 
Percent. 

GUADALAJABA. 

Cerro  de  Gachupiues 

7 
15 
6 

'I 

4 

6 
30 
10 

6 
25 
30 
20 

8 
30 
10 
20 
20 
70 
90 

$12  ono 

12  000 
25  000 
12  000 
30  000 
12  000 
20  000 
12  000 
30  000 
30  000 
30  000 
30  000 
20  000 

15  000 

16  Olio 
30  000 
15  000 
30  100 
30  000 
30  000 

$84  000 
180  000 
150  000 
240  000 
180  000 
48  000 
120  000 
360  000 
300  000 
180  000 
750  000 
900  000 
400  000 
120  000 
450  000 
300  000 
300  000 
600  000 
2  100  000 
2  700  000 

0.75 

.50 

Santa  Cruz 

2.0(t 

.50 

Tizapan 

2.50 
.25 

Canada 

1.50 

San  Martin  de  la  Cal 

.50 

Sta.  Maria  de  las  Huertas . 

2.00 
2.00 

Quila 

3.00 

Toya 

3.00 

Tenamaztlan 

.50 

.50 

.50 

2.00 

.50 

300 

3.00 

2.00 

Total 

433 
269 

$24  200 
38  900 

$10  462  000 
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By  this  resuiiu'  it  is  seen  that  the  433  km.  (269  miles)  of  this  line 
will  cost  approximately  ^10  462  000  ;  and  if  we  add  for  right  of  way, 
stations,  etc.,  as  we  did  in  the  case  of  the  San  Bias  line,  Ave  obtain  a 
total  cost  of  §13  000  000,  on  which  capital  16^%  can  be  earned  at  the 
present  moment,  and  probably  in  time  this  can  be  doubled. 

In  consequence,  a  company  has  been  organized  to  undertake  this 
work  after  verifying  the  estimates  previously  prepared,  which  the 
writer  believes  are  very  nearly  correct,  having  been  obtained  from 
local  sources  and  in  part  based  upon  the  study. 

Eespecting  the  line  from  Guadalajara  to  Manzanillo,  it  will  prob- 
ably follow  the  same  line  as  before  as  far  asTizapan,  from  which  point 
it  will  continue  on  through  the  following  towns  : 

Distances. 
Kilometers.  Grades. 

Hacoalca 36  level 

Sayula 56  " 

La  Cuesta 12  2% 

Hapotlan 20  1% 

Hapoiltic 20  ^X 

Tuzpan 30  1% 

Tonila 40  2% 

Colima 40  1^ 

The  writer  does  not  know  the  studies  which  have  been  made  re- 
spectively for  the  company;  but  he  does  not  believe  they  will  vary 
much  in  distances  and  grades  from  those  above  indicated. 

From  Colima  to  Manzanillo  a  railroad  has  already  been  constructed 
and  is  in  operation  to  Cayutlan,  Armeria,  Guaracho  and  Coquimat- 
lan.  Its  length  is  95  km.,  and  consequently  the  total  length  of  this 
line  will  very  probably  be  403  km.  (250  miles), 

Eespecting  its  cost,  it  apparently  will  not  differ  greatly  from  the 
lines  previously  studied,  inasmuch  as  the  topographical  difficulties 
are  distributed  about  equally.  Consequently,  we  may  estimate  for 
standard  gauge  a  cost  of  830  000  per  kilometer  fS48  300  per  mile),  and 
of  §20  000  for  the  narrow  gauge,  which  is  what  has  been  adopted.  With 
this  data  the  resulting  cost  of  this  line  will  be  nearly  §8  000  000,  and 
so  will  need  a  traffic  of  200  000  tons  and  an  equal  number  of  passengers, 
from  which  the  company  which  has  undertaken  the  enterprise  expects 
brilliant  results. 
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The  writer  has  gone  to  the  bottom  of  all  the  previous  considera 
tions  for  determining  the  traffic  from  the  present  business  between  the 
points  from  end  to  end,  but  it  is  probable  that  what  was  obtained  in 
the  early  davs  of  the  exploration  will  be  doubled  by  the  development 
of  the  great  natural  resources  which  are  contained  in  the  regions  to 
he  traversed  bv  the  lines  which  have  been  considered. 
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DISTINCTIVE    FEATURES    AND  ADVANTAGES  OF 
AMERICAN  LOCOxMOTIVE  PRACTICE. 


By  David  L.  Barnes,  M.  Am.  Soc.  C.  E. 


Prepared    for   the   International   Engineering'   Congress  of  the 
Columbian   Exposition,    1S93. 


The  locomotives  of  the  United  States  are  not  so  different  from 
those  of  foreign  countries  as  might  be  supposed  from  the  outward 
appearance;  most  of  the  differences  are  in  details,  and  result  from  dif- 
ferences in  operation,  which  demand  in  the  United  States  a  large  in- 
crease in  the  general  dimensions.  In  studying  distinctive  features  of 
locomotives  of  all  countries,  it  is  necessary  to  know  in  minute  detail 
the  conditions  of  operation  under  which  each  class  of  locomotives  is 
worked,  as  it  is  generally  found  that  engines  everywhere  are  well 
adapted  for  the  work  they  do.  The  main  difference  between  locomo- 
tives used  here  and  in  other  countries  is  a  necessary  result  of  the 
difference  in  environment.  In  other  countries,  generally  speaking, 
the  distances  are  short,    competition  small,   wages   low,  and  money 

Note. — Discussions  on  all  papers  presented  to  the  Internationa]  Engineeriog  Cougress 
will  be  published  simultaneously  in  the  number  for  December,  1893 
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rentals  moderate;  iu  some  a  governmental  control  removes  all  compe- 
tition. In  the  United  States,  long  train  runs,  high  wages,  sharp  com- 
petition and  high  rates  of  interest  define  the  method  of  railroad 
operation  so  clearly  that  it  is  j^ractically  beyond  the  jiower  of  any 
individual  company  to  vary  much  from  the  almost  universal  practice 
of  running  heavy  trains.  It  is  this  necessary  policy  of  heavy  train 
loads  that  gives  rise  to  the  wide  difference  which  is  found  in  maximum 
hauling  power  of  the  American  and  foreign  locomotive.  This  increased 
power  demands  more  weight  for  adhesion  and  greater  steaming  ca- 
pacity; therefore,  one  finds  the  American  engines  heavier  and  the 
boilers  larger  for  similar  classes  of  work.  This  is  shown  by  Tables 
Al,  A2,  A3,  which  give  the  comparative  dimensions  of  locomotives  of 
various  countries. 

Many  of  us  in  the  United  States  have  thought  that  certain  details 
that  are  universal  here,  such  as  the  equalization  of  the  weight  between 
driving  wheels,  the  four-wheeled  swiveling  and  lateral  motion  truck, 
outside  cylinders,  the  fire-brick  arch  and  iron  tubes,  etc. ,  are  not  com- 
monly used  in  other  countries,  and  formerly  they  were  not;  but  now 
equalizers  are  common  in  England,  they  are  standard  in  Germany, 
common  in  France  and  in  other  European  countries.  Outside  cylinders 
are  quite  universally  used  in  Germany,  are  common  in  England,  and 
frequently  used  in  France,  Italy  and  other  countries.  Fire-brick 
arches,  iron  and  steel  tubes,  and  lateral  motion  swiveling  trucks  are 
quite  common,  although  not  the  rule  everywhere;  so  that  in  looking 
for  such  general  features  of  design  of  locomotive  details  as  are  j^ecu- 
liar  to  the  United  States,  one  finds  at  the  present  time  but  little  be- 
side steel  fireboxes,  bar-frames,  cast-iron  wheel  centers  and  tenders 
with  swiveling  trucks.  There  are  many  peculiarities  in  minor  details, 
"but  these  do  not  affect  in  any  material  way  the  economical  operation 
of  the  engines. 

The  use  of  cabs  is  dependent,  not  upon  the  country,  but  ujjon  the 
climate,  and  they  are  generally  found  where  the  winters  are  severe. 
As  a  rule,  all  differences  in  the  designs  of  details  can  be  traced  directly 
to  the  relative  prices  of  labor.  Where  labor  is  high,  designs  are  simple; 
duplication  and  interchangeability  overrule  minor  features  of  dur- 
ability and  efficiency,  and  in  general  cast  pieces  are  used  instead  of 
wrought.  For  instance,  in  the  United  States  the  dui^lication  of  parts 
receives  more  attention  than  in  foreign  countries,  and  it  is  common  to 
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use  a  t'lumsy,  heavy,  cast-irou  piston,  that  reiiuiies  less  liau J  labor  thau 
the  foreign  type  of  piston  (the  Swedish),  which  is  one  of  forged  steel, 
vei-y  light  and  strong.  Also  driving-wheel  centers  are  here  made  of 
hard  cast  iron,  while  in  Europe  they  are  almost  universally  made  of 
wrought  iron. 

We  are  all  more  interested  in  such  features  of  locomotive  construc- 
tion as  affect  the  operation  than  we  are  in  the  parts  which  affect  the 
cost  of  repaii-s,  for  the  reason  that  the  other  costs  of  locomotive  service 
are  the  major  part  of  the  total  and  greatly  exceed  the  rej^airs.  Again, 
the  cost  of  repairs  is  so  dependent  upon  the  facilities  and  the  price  of 
labor  that  it  is  impossible  to  learn  much  about  the  relative  merits  of 
designs  from  a  study  of  the  cost  of  repairs  in  different  countries. 
Facility  for  making  repairs  is  the  all-important  factor  of  repair  costs. 
Take,  for  instance,  the  renewal  of  driving  tii-es.  In  this  country  it  was 
formerly  the  custom  to  take  an  engine  into  the  shop  for  repairs  when- 
ever the  driving  tires  needed  turning  ;  in  this  way  the  repairs  of  loco- 
motives were  largely  dependent  upon  the  durability  of  the  tires. 
Now,  this  has  entirely  changed,  and  in  the  most  advanced  shops  gen- 
eral repairs  are  made  only  when  they  are  needed.  A  locomotive  may 
come  into  the  shop  in  the  morning  with  bad  tires  and  axles  and 
be  sent  out  again  at  noon  with  a  new  set  of  wheels  complete  or  a  new 
set  of  tires  put  on  ready  for  use.  The  improvements  in  handling  heavy 
parts  and  in  other  facilities  for  making  repairs  has  materially  reduced 
the  cost  of  keei^ing  up  locomotives,  so  that  it  is  imi^ossible  to  say 
what  are  the  advantages  of  those  details  of  construction  which  are 
more  common  in  the  United  States,  without  kno^^^ng  the  comiJarative 
facilities  for  making  repairs;  and  furthermore,  the  difference  in  the  con- 
dition on  different  roads  in  any  one  country,  in  the  United  States  for 
instance,  is  great  enough  to  give  entirely  different  results  in  the  cost 
of  locomotive  repairs  per  mile  run. 

Lack  of  accurate  information  has  led  to  considerable  discussion 
within  the  past  two  years  about  the  mileage  of  locomotives  before 
being  sent  for  "general  repairs";  but  there  is  no  accuracy  in  com- 
parisons in  matters  of  this  kind  between  locomotives  used  in  different 
countries,  as  the  conditions  are  so  different.  It  is  not  to  be  expected 
that  a  locomotive  hauling  heavy  trains  can  run  so  long  without  a 
general  overhauling  as  with  com]:)aratively  light  trains.  However,  it  is 
not  the  weight  of  train  that  governs  the  mileage  made  before  "general 
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repairs."  The  term  ''general  repairs"  is  indefinite,  and  some  roads 
keep  up  the  majority  of  the  so-called  "  general  repairs"  without  tak- 
ing the  locomotives  into  the  shoj},  while  on  the  other  roads  some  of 
the  "  running  repairs  "  are  classed  as  "  general  repaii's,"  owing  to  the 
lack  of  facilities  which  compels  the  locomotive  to  be  considerably  dis- 
mantled before  the  parts  needing  repairs  can  be  made  accessible. 
Therefore,  in  considering  the  comparative  features  of  locomotive  prac- 
tice of  diflferent  countries,  the  writer  has  adhered  closely  to  the  general 
features  of  construction,  omitting  the  minor  j^arts,  about  which  it  is 
impossible  to  reach  a  conclusion  without  knowing  in  minute  detail 
the  conditions  and  facilities  in  each  particular  case;  also,  such  sjjecial 
types  of  engines  as  are  used  in  suburban  service  and  for  heavy  grades  are 
omitted,  as  they  are  not  common  enough  to  entitle  them  to  be  classed 
as  regular  practice. 

It  is  not  within  the  scope  of  this  paper  to  say  much  about  different 
methods  of  operating  locomotives,  but  operation  so  controls  designs 
that  one  must  be  understood  if  the  reasons  for  the  other  are  to  be  com- 
prehended. The  dispute  about  the  economy  of  running  heavy  trains 
has  arisen  almost  solely  on  accoimt  of  a  lack  of  definite  information 
on  the  subject.  One  may  safely  grant  that  if  there  was  any  defect  in 
the  policy  of  heavy  loads,  the  exceedingly  sharp  competition  in  the 
United  States  would  have  long  ago  developed  the  defects,  and  we 
should  now  find  some  of  our  roads  hauling  light  trains  at  frequent 
intervals.  To  the  contrary,  the  practice  of  heavy  train  loads  is  uni- 
versal here.  An  examination  of  the  cost  of  freight  train  expenses 
in  this  country,  as  given  by  Fig.  1,  will  show  how  great  is  the 
gain  by  increasing  the  train  loads  when  the  j^rice  of  fuel  is  mod- 
erate. The  average  weight  of  a  foreign  freight  train,  exclusive  of 
engine  and  tender,  is  approximately  450  tons.  Trains  are  much  heavier 
on  the  continent  of  Eiirope  than  in  Great  Britain.  The  avei'age 
weight  of  an  American  freight  train  for  level  roads  is  not  far  from 
1  350  tons.  Table  B  gives  the  data  on  which  Fig.  1  is  based.  In  this 
table  the  coal  used  per  ton-mile  of  total  train  is  taken  as  a  con- 
stant for  all  weights  of  train.  This  is  only  ajiproximately  correct,  but 
it  is  quite  near  enough  for  the  comparison  now  being  made,  as  the  coal 
j)er  ton-mile  of  total  train  does  not  vai-y  much  with  different  train 
loads  when  the  power  of  the  locomotives  is  in  proportion  to  the 
train. 
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The  coal  i)er  ton-mile  of  total  train  is  taken  as  .1275  lb.  Tliis  cor- 
responils  with  f^ooil  i)ractiee  in  the  United  States.  The  wages  of  train 
i-rews  in  this  country,  on  any  one  road,  are  nearly  the  same  for  all  trains. 


T2  T4 

COST  OF   COAL     PEB     TON-DOLLARS. 
Fig.   1    . 

Diagram  showing  the  decrease  of  train  expenses  per  ton-mile  of  cars  and  lading  accom- 
panyiug  an  increase  in  the  weight  of  trains  and  with  varying  prices  for  coal. 

TABLE  B. 


Number 

of 

cars. 

Weight 

of 

cars. 

Tons. 

Weight 

of 

locomotive 

and  tender. 

Tons. 

Engine 

creiv    wages 

per  mile 

run, 

Cents. 

Train   crew, 

wages  per 

mile  run. 

Cents. 

Coal  used  per 

ton  mile  of 

total  train. 

Pounds. 

Oil,  waste  and 

repairs  for 

locomotives 

per  mile  run. 

Cents. 

10 
15 
25 
50 

450 
675 

1  125 

2  250 

70 
75 
85 
95 

5.33 
5.3;J 
5.33 
6.33 

7.25 
7.25 
7.25 
9.25 

.1275 
.1275 
.1275 
.1275 

3.62 
3.62 
3.62 
3.62 
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The  cost  per  useful  ton-mile  for  train  wages  is,  in  general,  the  con- 
trolling element  here,  and  it  decreases  as  the  train  loads  are  increased. 
In  the  fuel  account  there  is  a  saving  from  heavy  train  loads  up  to 
the  point  where  the  engine  is  excessively  overloaded.  This  is  fre- 
quently observed  from  tests  of  locomotives,  but  no  account  is  taken  of  it 
in  the  diagram.  Take  two  locomotives  and  give  one  a  heavy  and  another 
a  light  train;  the  one  with  a  heavy  train  will  use  more  coal  per  mile, 
but  there  is  a  greater  useful  load  in  proportion  to  the  dead  load  of 
locomotive  and  tender,  and  the  resultant  coal  jjer  useful  ton-mile  is 
less  with  the  heavy  train  than  with  the  light  train.  This  reduction  in 
cost  of  transporting  useful  loads  goes  on,  even  after  the  load  is  in- 
creased, to  a  point  where  the  scientific  steam  engineer  would  deem  the 
locomotive  to  be  too  much  overloaded  for  the  economical  use  of  steam. 
So  much  bearing  does  the  environment  of  condition  and  cost  of  wages 
have  on  the  policy  of  locomotive  ojjeration,  that  in  the  extreme  cases 
where  fuel  is  less  than  SI  per  ton,  the  most  economical  train  load  is 
the  maximum  load  that  can  be  hauled  by  one  engine  almost  regardless 
of  the  economy  with  which  the  steam  is  used;  this  is  shown  by 
Fig.  1.  So,  then,  in  the  United  States,  heavy  trains,  high  wages,  sharp 
competition  and  high  rates  of  interest,  fix  the  main  distinctive  feature 
of  American  locomotive  practice,  which  is  the  greater  hauling  power  of 
the  locomotives.  This  greater  power  is  obtained  in  two  ways;  first,  by 
using  locomotives  of  greater  weight,  and  second,  by  forcing  the  boilers 
to  a  degree  almost  unknown  elsewhere. 

Outside  of  the  greater  hauling  power,  which  necessarily  requires 
greater  weight  and  larger  parts,  and  the  forcing  of  the  boilers  and  the 
machinery,  which  increases  the  wear  and  tear,  there  is  not  as  much  dif- 
ference in  locomotive  practice  here  and  in  other  countries  as  is  gener- 
ally supposed.  From  the  external  appearance  of  locomotives  of  dif- 
ferent countries,  one  is  led  to  expect  important  differences  in  the  vital 
parts  of  construction;  thus  the  smoothly  encased  European  locomotive, 
with  a  weather  shield  instead  of  a  cab,  often  appears  to  be  quite  a 
different  machine  from  the  American  locomotive  with  its  structural 
parts  exposed  to  view  and  with  a  small  house  on  top  of  the  boiler;  yet 
the  organic  differences  are  really  small.  Each  has  a  pair  of  single- 
expansion  steam  cylinders,  either  inside  or  outside  of  the  frames,  to 
which  the  steam  is  admitted,  and  from  it  allowed  to  escape  by  a  single 
plain  slide  valve  actuated  by  a  link  motion  and  eccentrics.     The  boilers 
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are  both  internally  fired  and  have  approximately  the  same  arrange- 
ment of  tnbes  ami  i>arts.  The  frame  eonstruction  in  both  consists  of 
tAvo  horizontal  and  longitudinal  beams,  made  either  of  bars  or  plates. 
The  guiding  and  carrying  trucks  are  perhaps  more  generally  used  in  the 
United  States,  but  not  to  an  extent  that  would  justify  the  claim  that  a 
swiveling  truck  is  a  distinctive  feature  of  American  locomotive  practice^ 
Carrying  trucks  have  sometimes  two  wheels,  and  again  four  wheels. 
Sometimes  they  swivel,  and  in  addition  swing  laterally.  Where  they 
do  not  swivel  or  swing  laterally,  considerable  end  play  is  allowed  in 
the  bearings,  which  gives  them,  to  a  considerable  extent,  the  equivalent 
of  a  lateral  motion.  Many  engines  in  the  United  States  are  without 
lateral  motion  in  the  trucks,  and  in  Europe  one  finds  many  trucks  that 
both  swivel  and  move  laterally. 

The  drivers  and  connecting  rods  of  locomotives  of  all  countries  are 
alike  in  all  functions;  and  soon,  throughout  the  principal  details,  there 
is  but  little  in  the  general  purj)oses  of  construction  that  can  be  con- 
sidered distinctive  differences,  or  differences  that  should  materially 
affect  the  economy  of  operation  under  the  same  and  equal  conditions. 
However,  few  as  are  the  important  differences  in  general  features,  yet 
there  are  many  and  great  differences  in  detail  when  viewed  from  the 
standpoint  of  the  experienced  locomotive  builder.  These  differences 
do  not  affect  the  economy  of  operation,  but  govern  somewhat  the  dura- 
bility and  affect  mainly  the  amount  of  labor  required  in  construction, 
and  thereby  influence  the  first  cost.  The  main  distinctive  features  are 
as  follows: 

Boilers. — Both  in  Europe  and  in  the  United  States,  one  finds  the 
straight  top,  the  wagon  top  and  the  Belpaire  boiler.  It  is  impossible 
to  say  which  of  these  three  types  is  most  used  in  the  United  States  at 
the  jjresent  time  ;  but  it  appears  from  observation  of  the  engines 
built  in  all  countries  during  the  past  two  years,  that  there  is  a  prevail- 
ing tendency  toward  a  straight  top  boiler,  with  a  Belpaire  or  radial 
screw  stay  firebox.  The  crown  bar  boiler  is  falling  into  disuse,  owing 
to  its  greater  weight  for  equal  power  and  the  trouble  which  it  gives 
when  the  feed  water  contains  scale-producing  compounds. 

The  difference  between  the  Belpaire  and  the  radial  stay  boiler  lies 
in  the  shape  of  the  top  of  the  firebox  ;  it  is  rectangular  for  the  Bel- 
paire and  semi-circular  for  the  radial  stay  type,  as  shown  in  Figs.  2 
and  3.     The  crown  bar  boiler  is  shown  in  Fig.  4. 
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In  some  sections  of  the  Uuiteil  States  there  are  large  amounts  of 
fine  coal  and  slack  that  cannot  be  burneil  in  the  ordinary  locomotive; 
and  in  sucli  places  here,  as  in  Belgium,  one  finds  a  peculiar  const  rue- 


Fig.  5. 
American  Wootten  Radial  Stay  Firebox. 

tion  of  locomotive  fire-boxes.  In  this  country  the  most  common  type 
for  fine  coal  is  the  Wootten.  The  form  generally  used  is  that  shown 
in  Fig.  5.     A  new  form,  having  a  Belpaire  top,  has  been  proposed. 
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It  is  not  unlike  that  used  in  Belgium,  and  shown  in  Fig.  6.  The 
Wootten  type  of  boiler  has  been  very  successful  where  there  is  a  suffi- 
cient quantity  of  fine  coal;  but  on  some  western  roads  in  the  United 
States,  where  it  has  been  tried,  there  has  not  been  enough  fuel  to  keei) 

4 


Fig.  C. 
Belgium  Belpaire  Firebox. 


the  engines  supplied.  Add  this  to  the  disadvantage  of  having  to  keep 
in  stock  two  classes  of  fuel  for  engines  at  the  same  terminal,  and  the 
difficulties  experienced  with  the  large  crown  sheets,  and  the  reasons 
are  found  for  the  infrequency  of  this  type  of  firebox  in  sections  of 
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Fig   7. 
oio-'^.T'Tv,^''^'!'?,^ '•'^ ''®'='"^^'®  in  evaporation  of  water  per  pound  of  coal  from  and  at 

Note.— A  to  B  =  English  practice. 

C  =  English  coal  as  determined  by  Rankin 

^  ^  ■^'l?como^t?ve  ^^  ''''''"""''"e**   ^y  Keni^'edy  and  Donkin  shop  tests  cf  a 

^  "  "^Tltr"  ''°*^-^''^^^^  block-Iudiana-Goss,  at  Purdue  University  shop 
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the  United  States  remote  from  an  abundant  coal  supply.  Locomotive 
boilers  with  grate  areas  as  large  as  these  do  not  use  good  coal  econom- 
ically, as  the  limit  of  economical  increase  of  grate  area  for  free- 
burning  fuel  is  exceeded.  As  seen  from  Fig.  7,  an  increase  in  grate 
area,  which  is,  of  course,  followed  by  a  decrease  in  the  rate  of  com- 
bustion of  coal  per  square  foot  of  grate  per  hour,  is  conducive  to 
economy;  but  there  is  a  limit  to  this  increase,  which  cannot  be  exceeded 
without  loss  from  incomislete  combustion  and  excess  of  air  supjily 
through  the  grates.  Large  grates  are  difficult  to  cover  jaroperly,  and 
if  the  fuel  is  free-burning  it  is  impossible  to  regulate  the  fire  accu- 
rately, and  much  heat  is  lost  by  the  blowing  of  the  safety  valves  when 
the  train  is  at  a  station  or  while  descending  grades. 

There  is  nothing,  therefore,  in  the  general  shape  and  design  of 
boilers  in  locomotives  that  can  be  said  to  be  distinctively  American  or 
foreign ;  but  when  we  look  into  the  materials  of  construction,  we  find 
the  American  locomotive  boiler  difi'ers  materially  from  all  others,  and 
it  may  be  said  that  the  use  of  steel  for  fireboxes  is  distinctively  an. 
American  practice.  In  Great  Britain,  where  all  portable  engine  boilers 
and  marine  boilers  are  built  with  steel  fireboxes,  there  is  not  one  rail- 
road company  using  steel  for  locomotive  fireboxes,  and  there  are  but 
a  few  steel  locomotive  fireboxes  in  the  whole  of  Europe. 

The  tubes  of  foreign  locomotives  are  more  generally  made  of  brass, 
and  in  the  United  States  of  iron  and  steel.  From  an  American  stand- 
point, copper  fireboxes  and  brass  tubes  have  no  advantages  that 
would  induce  the  raili'oads  here  to  use  them.  Good  steel  fireboxes  do 
not  crack,  and  good  iron  tubes  last  so  long  that  the  cost  of  depreciation 
and  repairs  depends  more  upon  the  purity  of  the  feed  water  and  the 
care  which  the  boilers  get  in  washing  out  than  upon  the  material  of  the 
fireboxes  and  tubes;  and  no  one  here  believes,  so  far  as  the  writer  knows, 
that  brass  tubes  or  copper  fireboxes  would  have  a  longer  life  or  cost 
less  in  the  end  than  good  steel  boxes  and  the  best  iron  tubes.  It  is  true, 
of  course,  that  copper  sheets  and  brass  tubes,  even  at  a  high  price,  are 
cheaper  in  the  long  run  than  bad  steel  sheets  and  inferior  iron  tubes 
at  prices  next  to  nothing ;  but  careful  railroad  comjjanies  do  not  use 
bad  material  for  firebox  sheets  and  tubes.  The  best  steel  fireboxes 
last  in  service  from  12  to  15.  years.  The  average  life  is  much  less,  and 
is  about  the  same  as  that  of  the  coi^per  fireboxes  used  in  Europe,  which, 
according  to  the  repair  statements  of  some  foreign  railroads,  is  from  S 
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to  10  years.  The  cost  of  repairs  resulting  from  Lrokeu  stay  bolts, 
burned  sheets,  and  cracks  diie  to  scale  deposits  and  vibrations,  which 
are  common  to  all  locomotive  boilers  using  bad  water,  regardless  of  the 
material  of  the  fireboxes  and  tubes,  is  so  great  that  the  replacement  of 
steel  firebox  sheets  that  are  Avorn  out  by  normal  service  is  not  such  a 
comparatively  expensive  repair  as  might  be  supposed.  The  scrap  value 
of  a  steel  firebox  is  small;  in  fact,  may  be  considered  ////;  but  it  is 
purchased  for  about  4  cents  a  pound,  while  copper  sheets  cost  from  20 
to  30  cents  a  pound.  The  scrap  value  of  copper  is  uncertain,  and  de- 
pends upon  the  market.  Ten  cents  a  pound  is  not  too  high  an  esti- 
mate for  the  loss  per  pound  of  copper  between  the  first  cost  and  the 
scrap.  This  difierence  will  permit  the  steel  firebox  to  be  renewed  at 
least  twice,  and  a  closer  estimate  shows  that  in  this  country,  with  the 
prevailing  prices,  two  steel  fireboxes  can  be  put  into  a  locomotive 
boiler  for  a  cost,  including  labor,  that  will  not  exceed  the  net  cost  of 
a  copper  firebox  with  an  allowance  for  scrap.  Each  renewal  of  a 
cracked  copper  sheet  costs  much  more  than  the  renewal  of  a  steel 
one,  and  cracks  are  to  be  expected  with  bad  feed  water  and  careless 
boiler  washing,  no  matter  what  the  material.  Even  if  the  coj^per  was 
more  durable  than  the  steel  firebox,  the  fact  remains  that  the  Ameri- 
can locomotive  has  practically  passed  its  period  of  usefulness  after 
about  10  years  of  service  on  the  prevailing  American  plan  of  running 
heavy  trains  and  pooling  engines.  This,  taken  together  with  the 
continual  development  in  size  and  construction  of  engines  in  general, 
tends  to  so  lessen  the  period  of  years  during  which  a  locomotive  is 
used  in  this  country,  as  to  make  it  neither  advisable  nor  desirable  to 
put  into  construction  high-priced  material,  or  complicated  jjarts  re- 
quiring much  hand  labor,  to  get  a  longer  life  of  any  part  than  the  life 
of  the  engine  as  a  whole.  Steel  of  a  proper  kind  is  as  good  for  loco- 
motive boilers  as  for  marine  boilers,  and  those  who  formerly  used 
copper  for  marine  fireboxes  have  long  since  abandoned  it  for  steel, 
this  material  having  been  found  to  be  the  more  satisfactory. 

It  has  been  claimed  that  an  advantage  accrues  to  a  railroad  com- 
pany using  coj)per  and  brass  for  heating  surfaces  on  account  of  the 
greater  conductivity  of  those  materials  ;  but  this  ai3parent  advantage  is 
reduced  by  the  loss  due  to  the  greater  thickness  of  the  copper  sheet  ; 
and  considering  the  probability  that  iron  and  steel  will  convey  heat 
from  the  fire  to  the  water  faster  than  the  water  can  absorb  the  heat. 
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-there  is  little,  if  any,  actual  advantage  in  conductivity  left  for  the 
T^rass  and  copper  heating  surfaces.  A  very  little  scale  will  remove 
entirely  any  advantage  there  might  be  found  otherwise  in  the  greater 
conductivity  of  brass  and  copper.  Americans  are  not  without  experi- 
ence with  copper  and  brass  in  locomotive  boilers,  and  it  may  be 
accepted  that  the  continued  successful  use  of  steel  fireboxes  and 
iron  tubes  in  this  country  is  a  distinctive  feature  of  American  loco- 
motive construction,  and  one  that  actual  service  has  shown  to  be 
economical  under  American  conditions  of  railroad  operation;  and 
there  is  much  reason  to  believe  that  these  materials  would  be  quite  as 
economical  in  any  other  country,  esj)ecially  as  nowhere  else  are  the 
fires  in  locomotive  boilers  forced  as  much  as  they  are  here.  The  con- 
tinued use  of  copper  fireboxes  in  foreign  locomotives,  after  so  much 
marine  experience  with  steel,  is  a  surprise  to  American  railroad  men. 
Otherwise  than  the  firebox  material  and  the  difi"erences  in  general 
-dimensions  given  in  Tables  Al,  A2,  A3,  there  are  no  important  dis- 
tinctive features  of  American  locomotive  boiler  construction. 


Fig.  8. 
American  Bar-Frame. 


Fig.  9. 
Foreign  Plate- Frames. 

Frames. — The  American  locomotive  frame  is  universally  of  the  bar 
type,  while  that  of  the  foreign  is  generally  of  the  plate  type.     These 

'types  are  shown  in  Figs.  8  and  9.  It  may  be  said  that  the  bar  con- 
struction is  an  American  plan,  as  it  was  first  generally  adopted  here, 

"and  it  is  a  popular  idea  that  it  was  designed  to  give  locomotives  ver- 
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tical  flexibility  ou  rough  track;  but  for  this  it  was  unnecessary  after 
the  adoption  of  equalizing  levers  to  connect  the  j)oints  of  support  and 
to  allow  the  individual  carrying-wheels  to  rise  and  fall  without  caus- 
ing excessive  changes  in  the  weight  thereon.  In  fact,  the  bar-frame 
has  been  so  securely  attached  to  the  rigid  and  stiff  boiler  shell  that  its 
vertical  flexibility,  so  apparent  when  the  bar-frame  lies  in  the  frame 
shop  before  erection,  disappears  almost  entirely  when  it  is  placed  on 
the  engine  and  secured  to  the  boiler.  American  builders  of  locomo- 
tives have  been  criticised  for  the  construction  of  a  bar-frame,  on  the 
ground  that  such  a  frame  is  stiffer  than  a  plate-frame  laterally,  and 
therefore  not  so  well  adapted  to  the  perhaps  more  crooked  roads  of 
this  country;  but  there  is  no  just  ground  for  such  a  criticism,  as  the 
difference  in  the  stiffness  of  the  bar  and  plate-frame  is  apparent  and 
not  real.  As  these  frames  lie  on  a  machine-shop  floor,  the  plate-frame 
is  the  more  flexible  laterally;  but  if  both  are  placed  in  position  and 
braced,  as  they  always  are,  there  is  no  practical  difference  in  the  stiff- 
ness of  them.  Both  form  part  of  a  deep  horizontal  girder,  having  heavy 
chords,  the  girder  as  a  whole  being  attached  to  a  stiff  and  rigid  boiler. 
It  is  practically  true  that  neither  the  plate  nor  the  bar-frame  has  a 
superior  lateral  or  vertical  flexibility  which  results  in  any  beneficial 
effect  on  the  action  of  engines  in  service.  However,  some  engines  have 
been  built  in  this  country  without  much  lateral  bracing,  and  with  the 
boiler  barrels  so  high  as  to  render  the  attachments  to  the  frame  thereto 
more  flexible,  and  these  engines  have  therefore  more  flexible  frames 
than  is  the  general  practice;  but,  so  far  as  can  be  seen,  the  results  from 
service  are  not  different  from  other  engines  having  comparatively 
stiffer  frames. 

The  bar-frame  has  the  advantage  of  giving  better  opportunities  for 
attaching  the  details  of  the  engines,  but  the  plate-frame  being  without 
welds  can  be  made  with  more  security  from  breakage.  In  this  country 
the  bar-frame  lends  to  the  engine  the  accessibility  necessary  in  cold 
weather,  when  oil  congeals  and  the  motion-work  needs  constant  watch- 
ing. So,  too,  it  facilitates  the  examination  of  the  machinery  in  the 
short  intervals  of  stopping  during  long  runs.  Probably  this  advan- 
tage will  continue  in  the  future,  as  it  has  in  the  past,  to  promote  the 
Tise  of  the  bar-frame  in  this  country,  w^here  the  extremes  of  weather 
and  the  rough  handling  of  engines  require  all  parts  to  be  accessible 
and  within  the  range  of  the  engineer's  and  fireman's  eyes  as  they  look 
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about  the  machinerv  during  the  short  stops  on  long  runs.  In  some 
other  countries  it  has  been  found  practicable  to  oil  the  main  bearings 
of  the  engines  from  pipes  leading  from  the  cab  (a  manifest  advantage 
with  the  deep  plate-frame  which  obstructs  the  oiling) ;  but  here  the  ex- 
tremely cold  weather  makes  siich  a  plan  impracticable. 

Recently,  to  avoid  breakages  of  welded  bar-frames,  some  American 
builders  have  made  them  from  rolled  steel  slabs,  the  slabs  being  rolled 
from  3i  to  4|  ins.  thick,  and  then  planed  on  both  sides  and  cut  out  on 
slotters  to  the  shajje  and  form  of  the  welded  frames.  The  objection  to 
this  is  the  increased  cost  and  the  difficulty  of  welding  the  steel  if  it  is 
broken  in  service.  On  the  other  hand,  improvements  are  being  made 
in  the  welded  iron  frames  by  using  muck  bar  instead  of  scrap-iron  for 
the  shapes.  Scrap  in  this  country  now  contains  such  a  large  and  un- 
known percentage  of  steel  that  it  is  no  longer  safe  to  use  it  for  parts 
that  give  much  trouble  from  breakage. 

It  is  not  to  be  understood  from  what  has  been  said  here  that  slab 
frames  do  not  break,  for  they  certainly  do;  but  not  as  frequently  as 
the  bar-frames;  yet  the  cast  horn-blocks  used  on  slab  frames  often 
break,  so  that  altogether  there  may  be  after  all  no  advantage  with  a 
slab-frame  in  point  of  freedom  from  breakage. 

EqualizfUion. — The  equalization  of  weight  between  wheels,  so  uni- 
versal here,  and  so  frequently  considered  by  us  as  being  used  but  little 
on  foreign  engines,  is  not  a  distinctive  feature  of  American  construc- 
tion. It  is  almost  universal  in  Germany,  and  is  frequently  used  in 
Great  Britain,  France  and  elsewhere.  The  jilan  of  equalization  is  in 
general  the  same  everywhere;  it  i:)rovides  three  jjoints  of  support  for 
the  body  of  the  engine,  so  that  whatever  be  the  position  of  the  wheels 
vertically  within  about  a  2^-in.  limit,  the  weight  on  the  wheels  will  not 
be  materially  different.  Without  equalization  on  a  rough  track  it  is 
possible  to  have  an  excessive  weight  on  one  pair  of  wheels.  Generally 
the  leading  truck,  or  the  leading  jjair  of  drivers  when  there  is  no  truck, 
is  taken  as  one  of  the  points  of  supiDort.  The  other  two  points  of  sup- 
port are  the  resultants  of  the  two  equalizer  systems,  one  on  each  side 
of  the  engine.  Figs.  10,  11,  12,  13  and  14  show  the  more  common 
methods  adopted  for  equalization  in  this  country. 

When  equalizers  are  not  used,  the  weight  distribution  depends 
upon  the  adjustment  of  the  spring  hangers.  When  there  is  a  pair  of 
carrying  wheels  front  and  back  of  the  drivers,  as  on  some  classes  of 
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FiR.  10. 
Equaliziug  system  for  Auiorlcau  Eight-Wheel  Locomotive. 


Fig.  11. 
Equalizing  system  lor  American  lO-Wheel  Locomotive. 
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Fig.  12. 
Equalizing  system  for  American  12-Wheel  Locomotive. 


Fig.  13. 
Equalizing  system  for  American  Mogul  Locomotives. 


Fig.  14. 
Equalizing  system  for  American  Consolidation  Locomotives. 

foreign  locomotives,  tlie  weiglit  on  drivers  can  be  changed  greatly  by 
changing  the  lengths  of  the  spring  hangers.  The  variation  in  weight 
on  drivers  that  can  in  this  way  be  jjroduced  is  as  much  as  50  per  cent. 
Of  course,  such  changes  can  only  be  made  by  changing  the  weight  on 
the  trucks.     If  the  springs  are  stiff,  an  equalization  system  is  abso- 
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lutelv  necessary  in  this  country,  with  its  large  percentage  of  uneven 
track,  in  order  to  jsrevent  the  hard  riding  of  the  engines  and  the  break- 
age of  springs  ;  but  with  long  and  flexible  springs,  there  is  less  need 
for  equalization.  This  aj^pears  from  the  analysis  of  the  changes  of 
weight  on  drivers  accompanying  various  deflections  of  the  track  when 
the  engines  have  stiff  or  flexible  springs,  as  shown  by  Fig.  15. 

30000 
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DEFLECTION  OF   TRACK  UNDEP  FORWARD    OBI  VERS - 

INCHES. 

Fig.  15. 

Diagram  showing  the  change  in  weight  on  drivers  of  a  four- coupled  American  eight- 
wheel  locomotive  produced  by  a  deflection  of  the  track  when  equalizers  are  not  used  between 
the  coupled  wheels. 

Normal  load  on  track  per  wheel  =   18  000  lbs. 

Stiff  spring  deflects  2  ins.  with  13  000  lbs. 

Flexible  spring  deflects  4  ins.  with  13  000  lbs. 

It  will  be  seen  from  this  diagram  that  a  decided  and  abrupt  change 
in  the  vertical  alignment  of  the  track  produces  much  change  in  the 
distribution  of  weight  on  drivers  when  there  are  no  equalizers,  even 
when  very  flexible  springs  are  used;  and  therefore  in  this  country, 
where  rail  joints  are  liable  to  be  low,  the  only  way  to  keep  an  ajaproxi- 
mately  uniform  weight  on  drivers  at  slow  speeds  is  to  jirovide  for 
equalization.  It  is  impossible  in  this  paper  to  enter  upon  a  discussion 
of  the  common  roughness  of  track  in  this  country;  yet  it  is  best 
to  say  that  the  main  track  of  the  well-supervised  roads  here  is  quite 
sufficiently  well  kept  up  to  permit  engines  to  run  without  equalizers; 
but  the  sidings  and  the  average  track  are  in  such  condition  as  to  de- 
mand an  equalizing  system  to  give  durability  to  the  springs  and  to 
prevent  severe  twisting  strains  on  the  axles  and  the  breakage  of  crank 
pins  by  sudden  changes  of  load. 
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It  is  a  grave  question  Avbether  the  use  of  eqtializers  between  tlie 
driving  wlieek  of  locomotives  is  best  for  the  track  joints;  for 
example,  if  the  locomotive  witli  the  weights  assiimed  for  Fig.  15,  has 
equalizers  and  is  run  over  a  weak  and  low  joint,  that  joint  will 
be  subjected  to  the  full  i)ressure  on  each  driver,  or  18  000  IVjs. ; 
but  if  the  drivers  are  not  equalized,  the  pressure  on  the  joints  depends 

-13^ 


2^ 


0  20  40  60 

speed,miles:an  hour. 

Fig.  16. 
Diagram  Bhowing  the  distance  that  a  locomotive  driving  whpel  will  drop  or  move  down- 
ward by  the  action  of  gravity  and  the  force  of  the  spring  above  the  wheel  while  passing  over 
various  spaces  in  the  track  at  different  speeds. 

upon   the   deflection  of    the  joints.     If,    with   stiff  springs   over  the 
wheels,  the  joints  deflect  as  much  as  It  ins.,  the  load  thereon  would 
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be  but  11  750  lbs.  However,  the  foregoing  is  true  only  when  the 
engine  is  moving  slowly,  and  therefore  only  applies  to  the  bad  track 
common  on  sidings  and  in  yards. 

At  speed  the  inertia  of  the  driving  wheels  and  their  attachments 
resists  any  sudden  downward  movement  of  the  wheel  into  a  dejjression 
of  the  track.  At  80  miles  an  hour,  the  time  of  passing  the  2  ft.  j^re- 
ceding  a  rail  joint  is  about  .017  second.  The  force  of  gravity  and  the 
force  of  the  sjjring  above  the  driver  would  cause  the  driver  to  move 
downward  but  about  .206  in.  in  this  interval  (see  Fig.  16),  so  that 
even  if  the  statical  load  of  the  driver  under  normal  conditions 
would  cause  1  in.  deflection  of  a  joint,  yet,  owing  to  the  inertia  of  the 
driver  and  its  attached  parts,  the  force  of  the  spring  above  the  wheel 
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Fig.  17. 
Diagram  showing  the  percentage  of  the  aiaximum  counterbalance  pressure  on  the  track 
which  is  exerted  at  different  points  during  a  complete  revolution  of  a  locomotive  driving 
■wheel  when  the  track  is  rigid  and  does  not  deflect  under  the  load  due  to  the  counterbalance 
pressure. 

and  the  action  of  gravity  would  only  move  the  driver  downward  .206 
in.  Thus,  while  an  equalizing  system  between  driving  wheels  has  the 
tendency  to  keei)  the  weight  on  drivers  uniform,  and  also  throws  a  full 
load  on  a  weak  joint  at  low  speeds,  yet  at  high  speeds  the  load  is 
materially  reduced  by  the  inertia  of  the  wheel  and  its  j^arts,  and  the 
pressure  of  the  wheels  on  the  rail  is  by  no  means  uniform,  although 
the  equalizers  be  provided.  Also,  at  high  speeds  the  variation  in  weight 
on  the  track  produced  by  the  counterbalance  quite  disarranges  any 
distribution  of  weight  that  would  otherwise  come  from  an  equalizing 
system.  Figs.  17, 18  and  19  show  that  so  far  as  the  pressure  of  the 
wheels  on  the  track  at  high  speeds  is  concernedj  much  more  dejiends 
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tipou  tlio  rigidity  of  th(>  track  and  the  amount  of  counterbalance  than 
upon  the  equalizing  system. 

Counterbalancing. — American  locomotives  ride  easier  than  the  foreign 
on  account  of  the  longer  springs,  the  higher  boilers,  and  the  greater 
total  weight.  The  counterbalancing,  fore  and  aft,  is  quite  perfect 
here,  but  more  counterbalance  is  used  ;  not  more  in  proportion  to  the 
amount  of  the  weight  to  be  balanced,  but  more  in  total ;  the  reason 
being  that  much  less  attention  has  been  paid  to  the  reduction  of  the 
weight  of  the  reciprocating  parts  in  the  United  States  than  in  other 
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Diagram  showing  the  maximum  pressure  on  a  rigid  track  due  to  that  portion  of  the 
counterbalance  of  a  locomotive  that  is  used  to  counteract  the  horizontal  effect  of  the  recipro- 
cating parts  of  American  and  foreign  locomotives  of  the  same  size  of  cylinder.  This  diagram 
also  illustrates  the  reduction  of  the  variation  of  pressure  of  a  driving  wheels  upon  the  track 
that  follows  an  increase  in  the  diameter  of  the  driving  wheels  and  a  reduction  of  the  weight 
of  the  reciprocating  parts. 

countries.  Perhaps  the  reason  is,  that  to  reduce  the  weight  of  recip- 
rocating parts  beyond  a  certain  limit  entails  a  decidedincreaseof  cost; 
but  whatever  be  the  reason,  one  finds  the  weights  of  the  pistons,  cross- 
heads,  piston  rods  and  connecting  rods,  heavier  on  engines  in  this 
country  than  in  Europe.       A  fair  estimate  of  the  proportion  of  the 
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weiglits  of  these  parts,  as  used  here  and  in  foreign  countries,  is  as  fol- 
lows : 

Foreign 1 . 

American 2 .  38 

Recently  more  attention  has  been  paid  to  the  reduction  of  the 
"Weights  of  reciprocating  parts  of  locomotives  in  the  United  States,  and 
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Fig.  19. 
Diagram  showing  the  decrease  in  the  maximum  (rack  pressure,  of  that  part  of  the  loco- 
motive connterbalance  that  is  \ised  to  counteract  (he  horizontal  effect  of  the  reciprocating 
parts,  which  accompanies  an  increase  in  the  diameter  of  the  driving  wheels  on  the  sames 
engine  with  the  same  reciprocating  parts,  18x  21  in.  cylinder. 
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a  few  of  tlio  latest  clesigua  Lave  25  "o  less  reciprocating  weight  to  be 
balanced  than  is  found  in  average  American  jiractice. 

If  there  should  be  allotted  to  counterbalancing  of  locomotives  the 
importance  that  is  given  it  by  some  of  our  railroad  track  and  bridge 
experts,  it  would,  i)erhai)s,  be  necessary  to  class  the  heavy  reciprocat- 
ing parts  used  here  as  a  distinctive  feature,  and  a  bad  one,  of  the  con- 
struction of  American  engines.  It  is  not  uncommon  for  our  track 
experts  to  advocate  the  removal  of  that  portion  of  the  counterbalance 
which  is  put  in  to  counterbalance  the  reciprocating  parts.  Becently 
attention  has  been  so  strongly  directed  to  this  matter  here  that  a  step 
in  advance  has  been  jsromised,  and  light  cast-steel  and  WTOught-iron 
pistons  are  being  talked  of  ;  but  the  improvement  lirojjosed  is  small 
and  does  not  give  the  light  weight  of  reoiprocating  parts  that  is  found 
in  other  countries. 

It  is  not  just  to  say  that  all  American  engines  have  such  very  heavy 
reciprocating  j^arts  as  has  been  indicated  here  ;  but  as  a  rule  American 
engines  have  these  jjarts  much  heavier  than  is  necessary,  and  this 
leads  to  the  excessive  counterweights,  which  have  given  ground  for  a 
just  criticism  of  this  feature  of  American  locomotive  design.  For  in- 
stance, some  compound  locomotives  have  been  built  in  this  country 
with  a  single  piston  weighing  over  800  lbs.  The  builders  did  not 
realize  at  the  time  the  result  of  this,  and  put  in  as  much  counterbalance 
as  was  necessary  to  make  the  engine  ride  well.  The  result  was  almost 
disastrous  to  the  track  at  60  miles  an  hour,  the  maximum  pressure  on 
the  rail  reaching  nearly  50  000  lbs.  per  wheel.  At  this  speed  the 
wheels  of  this  engine  lifted  from  the  rail  when  the  counterbalance  was 
up  and  seriously  affected  the  track  when  the  balance  was  down,  as  has 
been  the  case  before  both  in  this  and  other  countries  when  engines 
have  been  overbalanced.  In  several  instances,  both  here  and  abroad, 
short  sections  of  track  have  been  badly  damaged  by  running  over- 
balanced engines  at  high  speed.  In  one  case  it  was  caused  by  running 
an  engine  with  small  wheels  at  high  speed  without  the  parallel  rods. 

The  comparative  effect  of  counterweights  of  some  American, 
English,  German  and  French  high-speed  locomotives  is  given  in 
Fig.  19.  This  diagram,  when  read  in  connection  with  Figs.  15, 
16,  17  and  18,  shows  how  the  distribution  of  the  weight  of  a  loco- 
motive on  the  track  is  affected  by  the  counterweight,  and  by  the 
deflection  of  the  rails  when  engines  are  moving  at  high  speed.     All 
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these  matters  so  affect  the  limit  of  weight  that  is  admissible  on 
one  driving  wheel,  that  those  who  have  to  determine  the  limit  for 
any  given  track  need  to  make  careful  analysis  of  the  detail  designs 
of  locomotives  in  order  to  reach  safe  conclusions.  Such  analysis  is 
one  of  the  duties  of  the  railroad  civil  engineer,  and  in  studying  this 
problem,  the  long  lengths  of  track  over  which  is  spread  the  downward 
action  of  the  counterbalance,  as  shown  by  Fig.  17,  must  not  be  for- 
gotten. 

It  has  been  shown  that  it  requires  time  for  a  wheel  to  drop  into  a 
depression  in  the  track,  and  how  this  materially  affects  the  load  on  a 
weak  joint,  yet  this  statement  needs  modification  to  the  extent  that 
it  is  affected  by  the  distance  between  the  center  of  revolution  and  the 
center  of  gravity  of  the  driving  wheels.  This  distance  is  about 
1.3  ins.  for  the  wheel  considered  in  the  counterbalancing  for  an 
American  engine,  given  in  Fig.  18.  A  wheel  will  follow  instantly  any 
deflection  of  rail  iip  to  the  amount  of  the  distance  of  center  of 
gravity  from  center  of  figure,  and  therefore  on  a  track  having  such 
elasticity  that  it  Avould  deflect,  under  the  additional  load  brought 
upon  it  by  the  counterweight,  nearly  as  great  a  distance  as  that 
between  the  center  of  gravity  of  the  wheel  and  its  center  of  figure, 
there  would  be  but  little  additional  pressure  brought  on  the  rail  by 
the  centrifugal  tendency  of  the  counterbalance,  the  reason  being  that 
the  wheel  would  then  revolve  nearly  on  its  center  of  gravity,  and 
would  have,  therefore,  but  little  centrifugal  tendency. 

This  is  an  example  of  the  extreme  condition,  and  only  serves  to  illus- 
trate more  clearly  the  point  now  being  made,  which  is  that  such  de- 
flection of  the  track  as  actually  takes  jslace  on  good  roadbeds  reduces 
materially  the  effect  of  the  counterbalances.  In  this  matter  some  have 
erred  by  assuming  the  whole  centrifugal  tendency  that  would  exist  if 
the  wheel  revolved  on  its  center  of  figure,  and  the  track  did  not  deflect 
under  the  increased  load.  Such  deflection  of  the  track  as  actually 
does  occur  has  a  large  modifying  effect  on  the  variation  of  pressure 
on  the  rail,  caused  by  the  centrifugal  tendency  of  the  counter-balance 
for  the  reciprocating  i^arts.  No  doubt  the  flexible  track  used  here  has 
decreased  considerably  the  damage  that  would  otherwise  have  resulted 
from  the  use  of  heavy  reciprocating  parts  if  our  track  had  been  laid 
on  a  more  rigid  roadbed. 

Centrifugal  action  is  not,  strictly  speaking,  a  force,  but  is  only  a 
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tendency,  aucl  does  not  exist  unless  the  wheel  is  constrained  to  revolve 
on  a  point  oxatside  of  its  center  of  gravity.  In  a  large,  lieavy  wheel,  if 
the  counterbalance  be  light,  the  distance  from  the  center  of  gravity  to 
the  center  of  revolution  is  so  small  that  the  centrifugal  tendency  that 
would  exist  on  a  rigid  track  is  greatly  reduced  on  a  comparatively 
flexible  track. 

Driving-Wheel  Centers. — In  this  country  driving-wheel  centers  are 
generally  made  of  cast  iron,  with  the  tires  held  on  by  shrinkage  alone. 
The  Pennsylvania  Bailroad  has  had  a  few  wrought-iron  centers  in  use 
for  several  years  ;  the  Chicago  and  Erie  Eailroad  has  quite  a  number 
of  wrought-iron  centers  of  the  Vauclain  tyjie,  and  there  are  a  few 
wrought  drivers  on  other  roads  here;  but,  in  general,  a  hard  cast  iron 
is  used.  In  foreign  countries  the  wrought-iron  or  cast-steel  driving- 
wheel  center  is  common  practice,  and  tires  are  held  on  by  retaining 
rings.  The  retaining  ring,  or  some  other  auxiliary  tire  fastening,  is 
necessary  in  addition  to  the  security  obtained  from  shrinkage  of  the 
tire  when  a  wrought  or  light  cast-steel  center  is  used,  owing  to  the  de- 
flection of  the  light  center  under  the  heavy  stresses  caused  by  shrink- 
age of  the  tire,  and  it  is  this  which  governs  the  use  of  retaining  rings 
and  other  tire  fastenings.  Such  wrought-iron  centers  as  have  been 
used  here  have  had  an  auxiliary  tire  fastening,  and  where  light  centers 
are  common,  tire  fastenings  are  common  also.  Cast-iron  centers  for 
wheels  up  to  6  ft.  in  diameter  have  been  proved  to  be  jserfectly  safe  with- 
out auxiliary  tire  fastenings,  and  such  centers  are  used  in  this  country 
mainly  on  account  of  the  low  first  cost.  Wrought  centers  would  do  no 
better  service  than  cast  ones  in  our  smaller  wheels,  and,  therefore,  it 
is  doubtful  if  wrought-iron  centers  will  ever  be  much  used  in  this 
country  for  wheels  less  than  5|  ft.  in  diameter.  One  advantage  of  our 
heavy  driving  wheels  is  the  reduction  of  the  distance  between  the 
center  of  revolution  and  the  center  of  gravity,  and  this  tends  to  reduce 
the  efffect  of  the  heavy  reciprocating  parts  used  here. 

Tenders. — The  foreign  tender  is  generally  of  the  type  shown  in  Fig. 
20,  and  the  American  of  the  tyjje  shown  in  Fig.  21.  The  American 
differs  from  the  foreign  mainly  in  the  frames  and  trucks.  In  the  Amer- 
ican there  are  two  trucks  of  the  swiveling  type.  Lateral  motion  trucks 
are  not  generally  used  here  for  tenders.  Taken  altogether,  the  foreign 
tender  api^ears  to  be  more  practical  than  the  American,  and  the  service 
trial  of  one  with  the  Webb  compound  on  the  Pennsylvania  road  during 
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the  past  two  years  has  led  some  of  our  railroad  engineers  to  recommend 
an  extensive  trial  of  six-wheel  tenders  in  the  place  of  the  eight-wheel, 
in  order  to  gain,  if  jiossible,  the  greater  simplicity  and  accessibility 
and  the  less  weight  of  the  foreign  type. 


Fig.  21. 
American  Tender. 

Method  of  Opet-ation. — The  forcing  of  American  locomotives,  which 

results   from   the   necessary    jjolicy   of  hauling  heavy  train  loads,  is 

perhaps   best   illustrated  by   Fig.    7,  which    shows   the   decrease   of 

the  evaporation  of  water  per  pound  of  coal  in  a  locomotive  boiler 

which  accompanies  an  increase  in  the  coal  "used"  per  square  foot  of 

grate  per  hour.     The  term  "used"  is  perhaps  better  than  "burned," 

because  much  of  the  coal  that  is  thrown  into  a  locomotive  firebox  is 

not  burned,  but  goes  through  the  tubes  in   the  form  of  cinder  and 

smoke.     This  diagram  is  taken  from  many  results  obtained  within  the 

last  three  years  on  American  railroads,  during  locomotive  tests,  where 
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the  coal  used  per  square  foot  of  grate  i)er  hour  has  varied  frona  a'l)out 
60  to  nearly  200  lbs.  That  there  is  the  marked  decrease  in  evaporation 
accomi^anying  an  iucr(»aso  in  the  rate  of  coal  used  that  is  shown  by 
the  diagram  is  becoming  well  known  here,  and  has  recently  led  to  a 
stronger  conviction  about  the  advantage  of  using  large  grate  areas. 
In  some  recent  tests  of  three  locomotives,  having  different  grate  areas, 
it  was  found  that  the  coal  used  per  square  foot  of  grate  varied  almost  in 
an  inverse  proportion  to  the  total  area  of  the  grates,  and  the  water  evapo- 
rated per  pound  of  coal  decreased  with  the  increase  in  coal  used 
almost  exactly  as  shown  on  the  diagram.  This  led  to  the  conclusion 
at  the  time  that  the  larger  the  grate  that  could  be  put  on  a  locomo- 
tive the  greater  would  be  the  evaporation  i>er  pound  of  coal  used, 
provided  always  that  the  grate  does  not  exceed  in  size  that  which  can 
be  properly  handled  by  the  firemen.  In  some  cases  we  have  made  the 
grates  too  large,  but  as  a  rule  a  good  fireman  can  proi^erly  fire  a 
furnace  with  a  grate  not  exceeding  10  J  ft.  in  length,  and  up  to  this 
length  it  is  practicable  to  go.  On  roads  where  a  deep  firebox  with  a 
comparatively  small  grate  has  been  used  for  a  long  time,  the  firemen 
object  strongly  to  the  introduction  of  a  shallow  firebox  and  a  larger 
grate,  as  it  requires  more  skill  and  attention. 

On  the  coal  diagram,  Fig.  7,  there  are  three  lines — one  showing  the 
evaporative  power  of  Western  American  coal,  such  as  is  commonly  used 
in  the  vicinity  of  Chicago  and  farther  west ;  the  next  line  gives  a  fair  aver- 
age of  the  coal  used  throughoiit  the  United  States;  the  upper  line  shows 
the  better  quality  of  the  best  American  and  the  average  English  coal. 
Perhaps  the  diflference  in  the  English  and  American  coals  is  better 
illustrated  by  the  i^oints  representing  individual  tests  by  Kennedy  and 
Donkin,  and  the  results  obtained  by  Mr.  Webb  with  the  compound 
locomotive  "Greater  Britain."  These  points  are  considerably  above 
the  highest  results  from  American  locomotives  using  the  best  American 
coal  (see  the  result  obtained  by  Professor  Goss  during  the  Purdue 
University  shop  tests  of  a  locomotive).  The  continuation  of  the  upper 
line  on  the  diagram  from  ^  to  i?  illustrates  the  diflference  in  the  way 
in  which  locomotives  are  worked  here  and  in  foreign  countries.  It  ia 
not  common,  except  in  the  United  States,  to  use  over  70  lbs.  of  coal 
per  square  foot  of  grate  per  hour.  The  diflference  between  the  evapo- 
ration per  pound  of  coal  used  from  ^  to  J5  and  that  given  on  the  line 
rei>resenting  the  average  American  coal,  shows  how  much  greater  la 


412 


BARNES  ON  AilERICAN  LOCOMOTIVE  PRACTICE. 


Hi 


I 


PM 


^ 


a 


-* 

c- 

^ 

_ 

3D 

t:-I:-C:-.C^C;C0t-C^OCJIr-'0O   gt-TTC-.  SSt- 

o 

•Jtiqding 

09 

ci  O  O  C^  ^'  O  «'  O  =  O  C  C  =  O  £  =  O  O  O  O 

03 

ja 

^ 

JU 

a 

o 

pi? 

d 

»< 

C3 

"S  , 

•« 

.w 

6 

<B 

o 

s 

.a 

J 

a 

00 

o 

eg 

e3 

d 

m 

^ 

^ 

> 

00  _ 

.!4 

a 

ci' 

(4 

d 

n 

eo 

o 

oo 

§ 

t 

o 

« 

3 
o 
o 

o 
a 

1                                  ^ 

§       .  d          o 

§                           1            1 

C3               ed         C    t4 

J       1    11 

?2     a 

H          <!      So 

KC4       P 

u 
o 

to 

00 

^      ■      .  O  w  X  O  O  ■*  ^  CO -♦*  O  O  -^  O  Cs  O      •  h- CI  O  O  O  O  C<l  ^ 

00-300XC11C0 

cj    •    .-^t-  —  n-wc.  oococ 

.«>oco-*io    -eocoi-i 

CO  C5  to  M  O 

—  cix  —  ot-«o-*o 

1 

i-i    •    ••-Id.-JrHiriocJr-ioc) 

iH-ir-i-HrH      -tO-^rt 

oocoooc5.*t-t»oo--to*oaoc.- 

n               oc «      o 

ts  o 

.a 

CC-^00«»SO-^X(Xb-t*t-OOOOC^^'^-^010**W5:OW^ 

-lOlOlCISUSOOtOO 

CJt-Cic:c;t-r;oto-*iooxoo»t-x^ox>ai-i 

loco  —  .*;at-;D«ootciHooot.* 

•S 

00  ^  o  tc  la  -*'  t-'  -K  -*  T-i  la  -H  rt 

-itr-rit-iso-'coeo^otrtaoo 

■«  !a  Oi  mm  ^  a  c^  '^ 

'     o?  ?5  a 

a  >.S:  O  eS 

« ,a  ■►^     ♦^ 

T     —      « * 

j;    -  a  -r  .o 

--               lO  wS  CO  t*  — ' 

c  » 

°9a'  =  = 
o  C  X  "  — 

c^uscsc^  —  CSCOOCSOlOt-CO 

00OO'-:CSC0CiC0OOOMOC3 

CSXe50"30t^CaO 

o 

ooooaot--*^c>-*c^!occ^ 

=D  CO  00  ei  CO  o  -.a  r<  CM_ 

OCS  O  ■*  .-1 

^  00  lO  X  -O  1-  O  OS  CO 

"S 

ocacicieocit-ac»c^woo 

"-  C5  — '  «o  c^i  la  <*«  GO  CO  co'  X  c^  cs  t- 

'CXt*--C1COt-.*i-^ 

^ 

ncscoSc^c^nffs-ccsoico-qi 

coesc»(Mcocoeoeoc»?3«cococoeococoooco.>ji5Qeoco 

^3 

S       o  Jr 

a< 

—      _-  =•  ce 

OJ 

c3  uca-..^ 

V 

■s  -  c  s  o 

X 

j°i  Moo  ;► 

o 

.^  a 

O            CO       •«♦•  rt  CI 

^1 

Sc»00-f"<Nt-ID  —  CiCIn^-* 

=  ==i^  =  XCO-.SOOi-'rOiOCCO  —  lOOt-COOO 

tsc-xaooiac^oxocoqo 

ClOClt-OlO  —  OC-^ 

(M  X  O  en  CI 

C-)C0OOwC0.*i0»0 

Ci'ia— J^Jo— '-*'-»'W5»3CflCiO 

lar-i^-^co^cicioc^ 

T-i  to  CI  -o  c- 

u3»otot»coiato-^fls 

fe^ 

ibSo-oc-c->ooi.~t-c-50ioo»t-tOttoia'Ot:-oo;o-*-«<-<n-w-<i<-«>o-*-<B'*-* 

:  :  a  :  :  a  1  1  j  . 

:  :  u  •  •  5  •  i^  • 

*3  o 

•   :  —     J3  a  —23  ** 
■s  :  a  -  es  a  g-^  a-t 

^o?  =  .*«-|-ga- 

isoa't,>.oSBaj 

1  i 

•  '5 

•  '■"> 

'.  ata 

1 
C 

c 

1^ 

■  d 

:o 

:  a 
II  : 

:  o  ! 

■  a    3 
O 

•^  "  * 

5    £ 

^1 

a 

is 

« 

a 
<» 

a" 

• 

"o  . 

eoSsj-Sj^a'i;^:^^ 

5>iaS 

^      •      •      •      •      •    -3  - 

•^  •  • 

::::;:::: 

:  :  :  :  :  :f^^  •  •  •  : 

i':\':i'\\\ 

:(i4  :  : 

•a  a        3:    •  :  : 

o  c.  .  -*•  _;  :  oi 

•  >;o  : 

;^  :  r  :.•;::  i 

1 

•  10   -3  - 

a" 

"S 

1     ^  ^s-sl       i 

o  o  •-  -  a 

sc    _  a   . 

•ii^l'^:  -1- 

ll^ 

»4 

S..    .......... 

a 

««««t-««i«5 

a 
o 

o 

o 

,     a 

3 

BAENES  ON  AMERICAN  LOCOMOTIVE  PRACTICE. 


413 


00      -r  an  U5  t~ 

r-i         -i  d  i-i  3 


is 


P                                     <;       HS                                                                            U                           £.T.< 

~x^l 

ttOOQOCCr-ICOQNCS— .  JOOCiO-ic^XC:      •Cn=OX05aOOXOlOC-tSOS-*.-Hr-IOX--OCCC^-a-t-0 

t- C-  .-1  C -"  t- C- «  t- Id  »  lO  C- t-  «  »  r-l      •  tr- CJ  O  «0  t- 05  «  t- «  O  "C  =!  C5  CC  e<l  O  <0  tS  t- -*  rH  o  ^^ 

C5  >0  t-  ^ 

0«XO«;CC5-*-'X05C-^«;XX-^O-*C:t-t:-C^M|I:-C5-<Ot--«it-C)C-«lr-X-*^-*t::i3r5.-i 

■*   r-.   CJC^ 

C^  va  ic  c;  13  I 


•  t-ocooosoot-XL':ci'*c^O': 


C<l  «  Ci  <N  t- 


«  o  o  o  o  ic  »o  ^ 


■  o  »a  la  « 


■QQ-^C^:^r?^COc=;t5t-iOCOaO:OOOiCXi-Hh-:Xr*t-Oi-tO 


'Mi-^-^iG^'iOiO'V'^O'^TjIO      •»0'<J'^tO^CCO«SlCO-^'^taw^OiOlO»00;CtO-^XwlXMXl 


» 


>5  =.5 

g  —   G  ~  - 


s?^    « 


t-  C3  OD  ^ 
a  <e  K  ^ 


CI.  t£l3 


2    ,> 


..-^ 


-   -5  c  £  cs 


_        .,g  ^'i 


=  S  n  «  ^ 


»  . 


a^tig      .aau—  c-S-^ 


be  U) 
□  a 

u  &«  t4 

oc  ce  a  >) 

•3  o  a  t, 
5  a  c9  « 


h 


414 


BARNES  ON  AMERICAN  LOCOMOTIVE  PRACTICE. 


•6 


CO 

X  -.M 

« 

Ci 

t. 

X  0 

1 

•Jnqdjns 

■*C^aCJU         CJ-#0-*t:-         <MmO(MO-.Of-l                                               -^               OOTJC-.  c> 

rt-^t-id-H         rtrti-idr-i         r-ii-iociiHdcJiH                                                O               odrHOrt' 

i          • 

oi 

m 

«•        ■ 

CS 

"S 

3i 

OS 

o 

o 

0 

0 

« 

o    • 

o 

0 

a 

a 

a 

a 

a 

3P. 

60 

2?-  ....  - 

¥. 

'S 

'3  •  -  -  -  -  ■ 

jS "  " 

■2 

h 

O 

0 

S 

<« 

0 

vi 

0 

m           o 

o 

o 

0 

as 

<5  5  "          r;               X 

o 

cs        c  Oi  a                     o- 

X          -^  X  -S                            X 

a         ^"  a  o>         1 
.0        ?^  0  s 

■2 

^S«>       i           -^     :r 

c 

i^-.S         |:  ;  :  to-    ^ 
■S   .  o         3              ■     -• 

g"=  -   is  2=  -  -  -  =  -  «  g  -  -  to^i'-^": 

loam  c 
aad  cai 
3d  ed., 
of  sea 

scam 
stou. 

3d  ed. 

ouse  c 
team 

3d  ed. 

ston. 
3d  ed. 
3ton. 

3d  ed. 
iton. 

3d  ed. 
Iton. 
13d  ed, 

.^  "5  0  I.  t- ^  ^               "3      ia          '0           H'Sc-i                           "T-ri          'oH'3           1 

Semi- 
Bit. 
Hasw 
Uppe 
Lowe 
Brocli 
K.  H. 

Hasw 
Seml- 

Hasw 

R.H. 
Hasw 
R.H. 

Hasw 
R.H. 

Hasw 
R.H. 
Hasw 

J 

.    .    .  la  e:  0 

-*-» 

■     •     •  X  0  c:     ;     ; !     I     I     I     "     I     '     '     '     '     I 

•    •    •d'oo    '■'•    I    '.'.'.'.'■'.'-    I    '■'■'■'■'.'■'■'.'■'.'■'.'■'.'.'.'.    '. 

.a 

« oc  t- 0  0  0            0                      rt  !M  .-<                                              0                 -^       m  t- 

'*OCOCJ.-iOlSt3t-OC10t-ClrHODI005-«*-*000^0-*tDOiOlOOOC'*;0 

< 

cim-ioiismm'tci'-^ciT^ocir^tat~tDt^cf>r^cii~ci<-i-«^mci>d<s<^-«Sai 

•o  6  a"  g  S 
SK>2o| 

S  -"5 -git- 

»- to  t- 00                   ■*  0  to  0 10  ■*  55 -H      10                                CO               00      to -H 

Ja   o   0   3    °°^ 

IS  »-( -*Oi  0  "S  to  la  CO  ■«  >s  0  o»  t-ooo>  .-ho«  10                   0 rx  t- 00  ev  cc  o>  >o  r-> -m 

eS  ^  ffi              eS 

m-Bst 

i-^c-c^-*io'(rjeot-^t-d<X)-*-«-*oi~  —  -*ci-*d-*de^05od>ot-totdio-*toto,-< 

i-l  rt  rt  r-l  rt  1-1  r-l  i-c  r-l  (N               i-l  rH  i-l  i-l  P«  Ci  «  O -*  rH  ••  •«  r-c  rl  00  rH  «  CT  r-t  r-l  C»         i-l 

a      o  .a  -.s  »< 

■5  aca'S'.S  0 

|.sas^s 

■^g 

« rj  o  o  o  o  o      to—               ?5 13  00      la                                to               o»          « 

5.3 

r-<-Hu;CS-i.-w,--.35C..OClXM'<i'Xcr.  ICCl  to  C^CJOOClOt-Or)  r- to  «««■*« 

1    Sl 

d  «  X  ^  X  m  r>  t-^  d  aj  00  -0  -»  c^  d  to  d  X  d  c<i  ^^  •*  «'  i>^  d  to  d  x  d  t-'  •*  «■!  d  cc  d 

ootot'Xt-xxt~c-f«Ci»xoO;*>t-*POt-;£*oxo»oxoiaL'to»to»c-tooo 

SD 

a  .  . 

a-  - 

^'  °3 

«  0 

8° 

0- 

a  *" 

a 

e 

a     S  «  ^  j;  ja 

II 

3         fc;   3J   S   D  ^ 

0 

1 

_a o  z  J  a  X 

:  — — — . 

_S 

_J 

;  so 

>> 

•  a 

<s 

•0 

a 
0 

3 

c 

a' 

a 

la«£ 
at:   •£ 

>    0.0 

a  —  . 

1 

3^ 

> 

S 
£ 

i 
a: 

'  >;  s  s 

a  oc,:: 
052 

1- 

c 

> 

c 

«- 

1. 

0 

or 

c 

a 

a< 

I 

S                n                                          SS3          =s3J--03'-^S.O^i.T;COc3 

>2 

«    .      1 

W          a                            Oo25      0>0          Q-Kfa-rCtBe^SfaZQ 

« 

>x      1 

a                                         .s             : 

1 

^ 

1                     i       i 

(S 

0 

«.-:  t  .-  3  ::::::::  -.      ^ :  :  :  .-  » 

0 

.u                                                       J3                a 

0 

rea 

out 

uro 

sia. 
ana 

Ubt 

orn 
u»t 

1     C 

3 

a 

J 

a 

•< 

C 

•< 

;s 

< 

i 

BARNES  ON  AMERICAN  LOCOMOTIVE  PRACTICE.  415 

tlie  efficiency  of  boilers  operated  without  forcing  than  under  the  Amer- 
ican i)lan  of  operation.  The  average  evaporation  per  pound  of  coal 
used  throughout  the  United  States  is  not  over  5^  lbs.  of  water  from 
and  at  212^,  Avhile  that  in  foreign  countries,  when  operated  between 
the  limits  A  and  B  on  the  diagram,  and  which  is  taken  to  be  the 
average  work,  is  nearly  10  lbs.  These  figures  correspond  to  a  consider- 
able difference  in  coal  used  per  square  foot  of  grate  per  hour  ;  namely, 
150  lbs.  for  the  American  and  about  50  for  the  foreign. 

There  is  such  a  wide  difference  in  the  evaporating  power  of  the 
coals  found  in  various  parts  of  the  earth,  that  a  comparison  of  the 
performance  of  locomotives  using  different  fuels  is  well-nigh  impossi- 
ble without  a  full  knowledge  of  the  chemical  composition  of  the  fuel 
used  and  a  practical  knowledge  of  its  mechanical  action  in  a  locomo- 
tive firebox.  Coals  having  much  moistiire  and  a  large  percentage  of 
ash  made  up  of  fusible  silicates  do  not  give  results  in  evapoi'ation  that 
would  be  expected  from  an  examination  of  the  chemical  composition  ; 
and  coals  having  the  same  percentage  of  hydrogen,  carbon,  oxygen, 
etc.,  do  not  necessarily  give  the  same  results  in  evaporation  ;  hence,  a 
practical  knowledge  of  the  value  of  various  fuels  in  locomotive  boilers 
is  absolutely  necessary  before  a  fair  comparison  can  be  made  of  the 
relative  performance  of  different  engines  under  otherwise  equal  condi- 
tions. 

The  varieties  of  coal  in  common  use  and  the  wide  difference  in 
composition  may  be  seen  from  Table  C,  but,  unfortunately,  the  real 
value  of  the  fuels  in  practical  operation  cannot  be  learned  from  this 
table,  owing  to  the  lack  of  data  recorded  by  the  different  experiment- 
ers. What  is  lacking  is  the  real  evaporative  power  of  the  fuel  under 
equal  conditions,  and  there  is  much  merit  in  the  proposition  recently 
made  by  one  of  our  engineering  societies,  to  establish  a  central  testing 
station,  with  a  standard  boiler  operated  under  standard  conditions,  for 
the  purpose  of  determining  the  relative  value  of  various  fuels. 

Perhajis  Fig.  7  illustrates  as  well  as  need  be  the  reason  for  the 
greater  economy  of  foreign  locomotives  under  the  conditions  of 
average  operation.  Of  course,  if  the  foreign  engine  were  to  be  forced 
so  much  that  the  coal  used  jjer  square  foot  of  grate  would  increase 
from  50  to  150,  the  evaporation  would  drop  from  10  to  about  7 J ;  and  if 
the  coal  used  on  English  engines  were  no  better  than  that  used  here, 
the  evaporation  would  certainly  drop  to  less  than  6  lbs.  of  water  jser 
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pound  of  coal,  the  same  as  for  the  American  locomotive.  Although 
there  is  evidently  a  waste  of  coal  on  the  American  plan  of  operating 
locomotives,  yet,  as  has  been  shown  in  the  discussion  of  Fig.  1,  there  is 
a  gain  to  the  railroad  company  by  doing  this.  Perhaps  the  following 
approximate  estimate  made  up  from  such  accurate  data  as  is  now 
available  will  give  a  sufficiently  close  comparison  of  the  coal  used  in 
the  best  foreign  and  the  best  American  passenger  train  service,  average 
coal  being  taken  in  both  cases  : 

TABLE  D. 


Country. 

Total  train. 
Weight  tone. 

Coal  per  ton 

mile  of  total 

train. 

Coal  used  per 

square  foot 

grate  per 

hour. 

Water  evapor- 
ated per  pound 
of  coallrom 
212=  Fahr, 

Coal  per  ton 
mile  of  passen- 
ger cars. 

Foreign 

United  SUtee... 

220 
400 

.12  lbs. 
.15    " 

60  Ibe. 
110    " 

9i  lbs. 

.18-2  lbs. 
.191    " 

This  comparison  shows  how  little  is  the  difference  in  the  weight  of 
coal  used  per  useful  ton-mile  here  and  abroad,  under  about  the  same 
conditions,  even  when  no  allowance  is  made  for  the  difference  in  the 
quality  of  the  coal.  "What  this  difference  in  quality  amounts  to  can 
be  seen  by  an  inspection  of  Fig.  7,  on  which  lines  are  drawn  for 
the  average  American  and  average  English  coals.  With  the  same 
coal  for  both  typical  locomotives,  the  American  practice  of  heavy 
train  loads  would  result  in  less  coal  -per  useful  ton  mile.  In  the 
United  States,  wages  and  train  expenses  other  than  for  coal  are  so 
comparatively  great  as  to  leave  no  choice  in  train  practice,  and  rail- 
roads are  compelled  to  condense  the  passenger  traffic  into  heavily 
loaded  passenger  trains  run  at  long  intervals  in  order  to  i^ay  expenses. 
There  are  a  few  cases  here  where  lighter  trains  than  the  average  can  be 
run  with  profit,  such  as  between  New  York  City  and  Philadelphia;  but 
even  there  the  trains  must  be  heavier  than  the  average  foreign  train, 
as  more  passengers  must  be  carried  per  train  to  pay  the  greater  cost 
of  wages  and  other  train  expenses.  "\ATiere  parlor  and  sleeping  cars 
are  run,  the  greater  weight  of  train  per  passenger  also  causes  heavier 
train  loads.     This  is  seen  from  Table  E. 
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Country. 

Type  of 
car. 

Number  of 
wheels. 

Weight  of 
empty  car 
witn  trucks. 

Number  of 
seats  for 

passengers 
per  car. 

Dead 

weight  of 

car  per 

pass. 

Dead    weight 
of  cars,  loco- 
motive and 
tender    per 
pass,  if  seat- 
ing capacity 
is  taken  up. 

Foreign 

United  States.. 

Sleeper 
Day  coach 

4  or  6 
12 
8 

30  000 

100  000 

56  786 

30 
28 
62 

ICOO 
3  571.4 
913.0 

1  538.5 
5312.5 
1  702.2 

There  are  many  other  conditions  in  this  country  that  comijel  heavy 
passenger  as  well  as  heavy  freight  trains,  and  i^articularly  is  this  true 
for  through  trains  where  the  distances  are  long  and  the  trains  cannot 
be  run  frequently.  Each  modern  train  has  a  dining  car,  a  baggage 
car,  and  frequently  one  or  two  mail  cars  in  addition  to  the  cars  for 
passengers.  Frequent  light  trains  would  not  be  jDossible,  owing  to 
the  great  distances  between  towns  and  the  lack  of  traffic  to  pay  for 
the  greater  cost  of  train  expenses.  It  is  necessary  on  most  roads,  in 
order  to  regain  the  cost  of  running  passenger  trains,  to  limit  the  num- 
ber of  trains  and  compel  the  public  to  wait  until  the  end  of  business 
hours,  or  until  railroad  connections  give  a  probability  of  a  train  load 
of  passengers.  Thus  it  is  found  in  the  West  that  trains  leave  prin- 
cipal cities  mostly  at  night  after  business  hours.  Heavy  trains  being 
a  necessity,  it  follows  that  locomotives  must  have  great  starting  power, 
and  this  has  confined  American  passenger  engines  to  comparatively 
small  wheels. 

Small  Drivers/or  Express  Service. — We  have  been  frequently  criti- 
cised severely  for  the  use  of  5  and  5^-ft.  drivers  for  express  passenger 
work,  but  we  have  no  choice.  Take,  for  instance,  a  400-ton  train  to  be 
hauled  out  of  a  city  like  Chicago,  having  many  grade  crossings  and 
grades  of  from  1  to  \\%  on  the  main  line  on  which  the  train  may  be 
stopped.  The  only  j)ossibility  of  hauling  such  trains  and  making  the 
necessary  local  stops  is  by  using  a  small  wheel  and  a  very  powerful 
engine.  "WTien  these  heavy  trains  are  at  speed  the  resistance  is  less, 
as  the  inertia  has  been  overcome,  and  not  so  much  weight  is  thereafter 
needed  on  the  drivers.  After  one  of  our  heavy  trains  is  accelerated  to 
speed,  a  locomotive  with  8  or  9-ft.  drivers  could  keejj  it  in  motion  and 
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accelerate  slowly  to  a  liiglier  speed  with  greater  economy  than  our 
present  engines  ;  but  as  we  are  compelled  to  use  the  small  drivers  in 
order  to  start  trains  and  accelerate  them,  there  is  no  recourse  but  to 
use  them  even  for  very  high-speed  locomotives.  The  maximum  rate 
of  acceleration  of  one  of  our  heavy  trains  (494  tons)  is  given  in  Figs. 
22  and  23. 

280 


Diagram  showing  the  maximum  acceleration  at  different  distances  from  the  starting 
point  of  an  American  train  of  494  tons,  including  the  locomotive  and  tender. 

The  Empire  State  Express  on  the  New  York  Central  is  a  good  ex- 
ample of  the  design  of  locomotive  that  is  comijelled  by  the  conditions 
of  operation  existing  in  the  United  States.  This  locomotive  weighs  64 
tons,  of  which  40^  tons  are  on  the  diivers.  The  wheels  are  6|  ft.  in 
diameter  and  the  cylinders  19  X  24  ins.  This  engine  has  very  much 
more  weight  on  drivers  than  is  needed  to  furnish  adhesion  to  haul  the 
train  when  at  high  speed  ;  but  even  with  the  five-car  train,  which  is 
the  usual  load  for  this  engine,  there  is  none  too  much  boiler  and 
cylinder  power  and  weight  for  use  during  the  accelerating  j^eriod  after 
leaving  stations  and  to  start  the  five-car  train  quickly  when  stopped 
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on  a  gi-atle.     lu  any  otlior  country  wlieels  at  least  8  ft.   in   diameter 
■would  1)0  nsed  foi*  tlio  fast  work  performed  l)y  this  engine. 

One  of  the  most  important  factors  affecting  the  size  of  drivers  in 
the  western  section  of  the  United  States  is  the  necessary  i^olicy  (for 
economy)  of  pooling  the  heavy  j^assenger  engines  with  the  freight 
engines.  This  pooling  plan  contemi)lates  the  use  of  all  locomotives  in 
freight  service  whenever  it  is  advantageous  to  do  so;  hence  a  locomotive 
may  haul  a  fast  passenger  train  westward  for  300  miles  and  return 
with  a  slow  and  heavy  freight  or  with  a  through  freight  on  a  passenger 
train  schedule.  On  some  roads  this  pooling  plan  for  engines  governs 
the  size  of  the  drivers,  as  large  drivers  cannot  be  used  in  slow  freight 
service. 


SECONDS  OF  TIME. 

Fig.  23. 
Diagram  showing  the  maximum  acceleration  after  different  periods  of  time  from  the 
starting  point  of  an  American  train  of  494  tons,  including  locomotive  and  tender,  when 
hauled  by  an  American  10-wheel  or  Mogul  locomotive  with  47  tons  on  drivers  and  when 
equipped  with  the  most  improved  valve  motion.  • 

To  gain  adhesion  in  starting  trains,  we  have  been  urged  to  use  the 
sand  blast,  but  no  material  advance  has  been  made  here  with  that 
device,  not  so  much  from  a  lack  of  appreciation  of  the  true  value  of  a 
sand  blast  as  from  the  fact  that  when  our  engines  have  boiler  jsower 
enough  to  haul  our  heavy  trains  with  comparative  economy  there  is 
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found  to  be  sufficient  weiglit  on  drivers  to  start  tlie  trains  without  the 
need  of  a  sand  blast,  excepting  with  a  slippery  rail,  and  that  is  provided 
for  here  bv  the  sandboxes  used.  However,  the  sand  blast  is  more 
e£fective  than  the  ordinary  sandbox  arrangement,  and  we  may  expect 
that  future  locomotives  for  higher  speeds  than  are  now  common  in 
this  country  will  have  larger  wheels  and  cylinders  than  our  present 
types;  and  -«-ill  be  supplied  with  the  sand  blast,  if  necessary,  to  give 
greater  adhesion  at  starting.  For  high-speed  work  we  shall  eventually 
be  compelled  to  pay  more  attention  to  the  decrease  of  total  weight  of 
engine  and  tender  to  increase  the  useful  train  weight;  light  trains, 
large  wheels  and  track  tanks  for  water  supply  are  the  most  necessary 
conditions  for  exceedingly  high  speeds. 

The  advantages  of  large  driving  wheels  are  well  understood  here, 
and  much  larger  wheels  would  be  used  if  it  were  practicable  to  do  so. 
One  of  the  main  advantages  of  a  large  wheel  is  the  better  action  of 
the  valve  motion.      Perhaps  this  is    best  shown  by  Fig.    24,  which 
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Fit;.  24. 
Diagram  showing  the  decrease  in  the  maximum  mean  effective  pressure  per  square  inch 
of  piston,  with  the  best  and  the  ordinary  valve  gears,  which  follows  an  increaEe  in  the  num- 
ber of  revolutions  per  minute  of  locomotive  driving  wheels.     Boiler  pressure,  175  lbs.  per 
square  inch  absolute. 

gives  the  reduction  of  the  mean  effective  pressure  in  the  cylinders 
of  locomotives  which  accompanies  an  increase  in  piston  speed.  The 
full  line  shows  the  greatest  mean  effective  pressure  that  has  been 
obtained  in  any  locomotive  in  this  country  with  a  5^ -ft.  wheel,  with 
a  boiler  pressure  of  160  lbs.  per  square  inch.  This  line  has  been  drawn 
from  the  results  obtained  from  some  indicator  cards  taken  with  a  special 
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valve  motiou  wliicli  gave  a  wide  opening  to  the  steam  port  and  a  very 
late  closing  of  the  exhaiist.  It  isractically  corresponds  Avith  the  results 
obtained  on  the  Reading  road  with  large  ports  and  7-in.  valve  travel 
aad  Ij-in.  outside  lap.  The  dotted  line  shows  the  decrease  in  the 
mean  effective  pressure  with  the  ordinary  proportions  of  Stephenson's 
link  motion  used  in  this  and  other  countries.  The  variation  in  mean 
effective  pressure  at  different  speeds  resulting  from  different  designs 
of  valve  motion  is  given  by  the  difference  between  the  dotted  and  full 
lines.  The  decrease  in  the  maximum  mean  effective  j^ressure  which 
accomi:)anies  an  increase  in  sliced  has  more  bearing  upon  the  possibili- 

20000 


20  40  60  80 

SPEED  IN  MILES  AN  HOUR. 

Fig.  25. 
Diagram  showing  the  decrease  in  maximum  puU  on  drawbar  which  follows  an  increase 
in  speed  of  a  locomotive  with  19  x  24  in.  cylinders  and  SJ^'-ft.  driving  wheel. 

ties  of  high  speed  than  any  other  feature  of  locomotive  design.  Even 
the  difficulty  of  supplying  steam  for  high-speed  work  has  not  so 
much  bearing  upon  the  highest  attainable  velocity  of  railroad  trains 
as  this  continual  decrease  of  mean  effective  pressure.  By  using  large 
boilers  and  the  best  fuel,  sufficient  steam  can  be  generated  to  propel 
trains  easily  at  lOO  miles  an  hour,  but  it  is  exceedingly  difficult  to  get 
a  valve  motion  that  will  give  enough  mean  effective  pressure  at  100 
miles  an  hour  to  overcome  the  resistance  of  even  a  very  light  train. 
This  is  not  the  result  of  any  material  increase  in  the  train  resistance 
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at  liigli  sj^eed,  but  arises  almost  solely  from  the  reduction  of  cylinder 
l^o-wer  caused  by  the  inadequacy  of  the  valve  gear  and  cylinder  ap- 
paratus to  maintain  the  same  propelling  power  at  high  speed  that  is 
readily  25roduced  at  moderate  sj)eed. 

PERCENT.  OF   TOTAL    CYLINDER  POWER 
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Fig.  26. 
Diagram  showing  the  increase  of  the  percentage  of  cylinder  power  consumed  by  loco- 
motive and  tender  which  necessarily  follows  an  increase  of  speed  independent  of  any  change 
there  may  be  in  train  resistance. 

Fig.  2j  shows  the  decrease  of  hauling  power  as  the  speed  is 
increased,  both  with  the  best  and  the  ordinary  valve  gear.  Fig.  26 
shows  the  percentage  of  the  power  used  by  the  locomotive  and  tender 
and  that  remaining  to  haul  the  cars  at  diflferent  sjieeds.  This  shows 
clearly  that  the  rapid  decrease  of  the  power  available  for  hauling  cars 
is  the  prime  cause  of  the  difficulty  of  running  heavy  trains  at  high 
velocity.     It  is  not,  as  has  been  claimed,  caused  by  the  rapid  increase 
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in  the  resistance  of  the  train  resulting  from  head  air  resistance,  siiction 
of  air  at  the  rear,  concussion,  oscillation  and  other  i;nimportant  factors. 
"With  a  given  valve  motion,  the  speed  in  revolutions  per  minute 
almost  ■wholly  controls  the  highest  attainable  mean  effective  jjressure 
in  the  cylinders.  The  greater  the  revolutions  per  minute,  the  less  will 
be  the  mean  effective  pressure;  hence  the  logical  conclusion  is  that  a 
larger  driving  wheel  should  be  used  for  high-sjieed  work.  The  effect 
of  large  driving  wheels  on  the  mean  effective  pressure  is  emjjhat- 
ically  shown  by  Fig.  27,  on  which  are  drawn  curves,  indicating  the 
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Fig.  27. 
Diagram  showing  the  maximum  mean  effective  pressure  on  piston  at  various  speeds  that 
can  be  obtained  with  different  diameters  of  driving  wheels  when  steam  valves  are  controlled  by 
any  of  the  existing  types  of  link  motion.     Boiler  pressure  175  lbs.  per  square  inch  (absolute). 

variation  of  mean  effective  pressure  at  different  speeds  with  different 
wheel  diameters.  From  this,  one  would  say  immediately,  Why  not  use 
10-ft.  drivers  ?  But  the  answer  comes  at  once;  it  is  imj^ossible  to  do  so 
under  conditions  of  American  railroad  operation  except  for  sj^ecial 
trains  on  which  a  large  extra  fare  can  be  charged.  The  cost  of  running 
such  a  train  as  could  be  hauled  by  a  locomotive  having  drivers  10  ft. 
in  diameter  is  as  great  as  the  cost  of  running  a  slower  one  with  many 
more  cars,  and  the  consequential  cost  of  side-tracking  freight  trains 
and  slower  passenger  trains  is  very  great ;  and  these,  taken  together 
with  the  greater  risk  of  serious  collisions,  show  why  it  is  practicable 
only  in  a  very  few  special  cases,  if  any,  to  run  trains  in  this  coun- 
try at  a  speed  that  would  require  10-ft.  drivers.  Therefore,  great  as 
the  advantages  in  steam  use  might  be  with  larger  drivers,  the  neces- 
sarily heavier  loads  in  this  country  at  the  jjresent  time  comiiel  the 
smaller  wheel. 

Small  drivers  for  high  speed  is  a  marked  feature  of  American  loco- 
motive practice,  and  one  that  has  many  advantages  in  a  new  coiintry 
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with  long  distances.  The  maximum  speeds  here  are  as  high  as  in  any 
other  country,  and  the  maximum  average  speeds  for  long  distances  are 
higher  here  than  anywhere  else,  but  we  have  not  the  same  number  of 
fast  trains  in  projiortion  to  the  total  number  of  trains  as  in  England, 
but  have  more  than  the  average  on  the  continent  of  Euroj^e.  At  the 
present  rate  of  development  of  train  service  between  New  York  and 
Chicago,  the  fastest  and  heaviest  passenger  trains  on  earth  will  be  run 
in  the  United  States  ;  but  we  have  much  to  do  in  the  development  of 
locomotive  design  before  the  most  practical  locomotive  for  such  service 
"will  be  had.  Larger  wheels  and  cylinders,  higher  steam  pressure  and 
less  dead  weight  of  engine  and  tender,  will  probably  be  the  lines  that 
will  be  followed  in  gaining  the  best  locomotive  for  this  service. 

Compound  Locomotives. — American  compound  locomotives  are  almost 
exact  counterparts  in  the  compound  features  of  those  used  in  Europe, 
the  single  exception  to  this  being  the  Yauclain  and  the  Johnstone  types. 
More  than  400  of  the  Vauclain  type  have  been  built  by  the  Baldwin 
Locomotive  Works.  So  far,  no  marked  advantage  in  fuel  saving  has 
been  obtained  from  the  use  of  compounds  in  this  country  in  fast  pas- 
senger service.  This  arises  from  the  bad  action  of  the  valve  motions 
used,  it  being  more  difficult  to  design  a  suitable  steam  regulating 
mechanism  for  compound  locomotives  on  account  of  the  gi-eater  back 
pressure  in  the  high-pressure  cylinder,  particularly  when  small  drivers 
are  used.  In  freight  and  suburban  service,  where  the  single-expansion 
engine  uses  steam  with  less  expansion  than  in  faster  work,  the  com- 
pounds of  all  types  have  given  a  reduction  of  from  12  to  40%  in  fuel. 
At  this  time,  the  development  of  the  compound  locomotive  is  so  rapid 
that  what  is  now  a  true  general  statement  may  within  a  year's  time  be 
shown  to  ajjply  only  to  the  narrow  limits  of  jjresent  designs. 

Duplication  of  Part)-. — The  cost  of  labor  in  the  drafting  room,  the 
need  of  quick  deliveries  and  the  prevailing  practice  of  contracts  with 
individual  mechanics,  puts  a  premium  on  dui^lication  and  interchange- 
ability  of  parts,  and  the  result  is  that  the  locomotives  of  each  prom- 
inent manufacturer  in  this  country  have  many  duplicate  parts  and 
dimensions,  even  when  the  general  dimensions  of  the  engines  differ 
widely.  This  practice  leads  to  low  first  cost  and  rapid  construction, 
and  to  some  extent  aids  in  the  universal  endeavor  to  gain  simplicity. 
The  defect  of  it  is  found  in  the  temjitation  to  use  too  small  details  for 
the  larger  engines,  and  too  large  parts  for  the  smaller  ones.     However 
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TABLE  Al. 
Giving  Dimensions  of  Amebican  Locomotives. 


Name  of  Kailroad  Company 


§1 


C.  li.  E.  ol  S.  J. 
B.iO 


C.  C.C  tSt.  L.... 

Pern.  B.  U 

N.  y.  C.&H.E  ... 

G.B.  i;Q 

S.  Y.  C.&H.  E.... 
C.  C.C.  fcSt.  L.... 
X.T.L.  £.&■«"... 
iLC 


Penn.EE i  G 

C.E.  E.  of  N.  J 4 

Penn.  B.  E !  C 

Phili.  4:  Heading '  4 

C..U.&  Q C 

C.M.  iSt.  P *  G 

■«■.*.  Y.tPa 8 

E.iM I  30 

C.  C.C.  &St.  L G 

B.«.-0 ..Is 


D.ir  E 8 

"W.S.T.ipa 8 

So.  Picific C 

N.T.,  L.  E.  fcW 10 

CorDwal)  &  Lebanon 8 

C..M.iSt.P !  i 

DlinoU  Central j  c 

1 


Single  expanpion  or 
compound. 


Single  Expansion. 


Schenectady  Compound... 
Vauclain  Compound 


C.  B.  &  Q,  Compound 

Uhudo  Island  Compound. 
Single  Expa 


Vauclain  Compound 

.Schenectady  Compound. 
Vauclain  Compound 


Rogers  Compound i      60 J 


IG  X  24 

21  X  2i 

19  X  24 
21x2G 

18S  x  24 
Vi  X  24 
19x24 

18  X  24 
19x24 

131x2* 

20  X  24 

20  and  29  x  24 
20  and  30  x  24 

13  and  2?x24 

14  and  24  x  24 
13  and  22  X  24 

20  and  29  x  24 

21  and  31  X  26 

19  X  26 

22  X  2S 
19x2t 

21  x26" 
20x2G 

19  X  24 

13  and  21  x  2G 
20  and  23  x  26 
16  and  27  x  28 

14  and  24  X  28 
12  and  20  X  26 
20  and  29  x  26 


130  000 
105  900 


131  400 
Hi  COO 
123  000 


133  000 

138  000 
123  BIlO 
133  000 
129  OOU 
115  000 
143  000 

126  870 
150  30J 

128  200 
12.5  OnO 

127  500 
16  OOO 

129  600 
126  OUO 
193  000 
150  000 
122  400 

128  500 


103  300 
102  800 
31  000 
82  2(J0 
C6  GOO 
SI  400 

80  600 


99  000 

102  000 

88  400 
l(i  p  000 

83  000 
•  98  000 

88  500 
110  650 
150  300 

99  GOO 
113  4'.0 
101  600 

90  000 
116  650 

99  600 
170  000 
135  000 

87  970 
107  300 


28  600 
a  000 
40  81,0 


30  000 
36  COO 
36  000 
35  400 
33  000 
46  000 
17  000 
54  600 
16  2'.i0 


28  600 
11  600 
26  000 

33  000 
13  050 
26  500 
23  000 
16  000 

34  4:f0 
21  200 


Of)  000 
72  000 
41  000 
ElllMy 
33  100 
Eraity 
76  800 
87  050 
80  600 


81  750 
85  280 
76  001 
31  OUO 
Emi  ty 
67  050 


31  000  ; 
Empty  ; 


27  3 
21.5 
27.3 


26.2 
38.5 
28.3 


37.5 
18.2 
28.7 


146.2 
189.7 


1  846.8 
1  883.4 
1  072. 2 


1  839.5 
1  811.6 


^  p. 
na 


Wagon... 
Straight. 

Wagon... 


Siraight.... 

Wajion 

I  Straight 
\  Belpaire 

Wagon 


Wagon.  . 
Straight. 


Wagon.  .. 
ff  uotten. . 
Straight.. 


lis 


ill    y  I  il  ;  !fi. 


3  700 
3  5uO 
3  537 


3  500 
i  t«D 
3  GOO 
3  800 
3  600 
3  600 
3  600 


1*  Ono 
16  OUO 
14  5UU 


13  500 

14  OOO 


16  000 
16  000 


4  000 
4  SiK) 
3  600 


13  000 

"ie  oib' 


(1.351 
0  426 
0.383 


0.K5 
0.3» 

0.404 
U.476 
0.542 
0.423 
0.417 
0.554 
0.434 
(•.4*3 
0.331 
O.oUT 
0.4S2 
0.472 
0.93S 
1.523 
0.66U 


XoTE — ^The  formula  from  which  column  marked  "  Katie  of  cylinder  power  to  weight  available  for  adhesion,"  is  calculated  as  follows : 

2  X  cylinder  area  X  boiler  pressure  X  stroke 
Weight  on  drivers  X  diameter  of  driving  wheel. 
(Ratio  of  cylinder  power  of  compound  engines  cannot  be  compared  with  that  of  the  single  expansion  engines.) 
KoiE.— Where  the  boiler  pressure  could  not  be  determined  from  the  description  of  the  locomotives,  as  given  bv  the  builders  aud  operators  of  the  locomotives,  it  has  been  assumed  to  be  100  Ihs.  per  square  inch  above  the  atmosphere.  „     „  ..  . 

For  compound  loct.motives  the  figures  in  the  last  column  of  ratios  are  based  on  the  capacity  of  the  low-pressure  cylinders  only,  the  volume  of  the  high-pressure  being  omitted.     This  has  been  done  tor  the  purpose  ol  comparison,  and  because  there  is  i 
power  of  eUgle  expansion  and  compound  locomotives. 
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SoTZ. — The  formula  from  which  column  marked  '*  Ratio  of  cylinder  power  to  weight  available  for  adhesion  "  is  calculated  as  follows  : 

2  X  cyhnder  area  X  boiler  pressure  X  stroke 
Weight  ou  drivers  X  diameter  of  driving  wheels. 
(Ratio  of  cylinder  power  of  compound  engines  cannot  be  compared  with  that  of  the  single  expansion  engines.) 
SOTE.— Where  the  boiler  pressure  could  not  be  determined  from  the  description  of  the  locomotives,  as  given  by  the  builders  and  operators  of  the  locomotives,  it  has  been  assumed  to  be  160  lbs.  per  square  inch  above  the  atmosphere. 
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incongruous  tho  designs  may  appear  in  some  cases,  as  a  result  of  the 
use  of  the  same  parts  for  large  and  small  engines,  yet  railroad  men 
prefer  that  tho  harmony  of  design  should  sufl'er  rather  th«iu  keep  in 
stock  a  larger  supply  of  duplicate  parts. 

In  Conclusion.— '^Yie  important  distinctive  features  of  American 
loewmotive  practice  are  large  dimensions,  great  hauling  power,  du- 
plication of  parts,  steel  fireboxes,  bar-frames,  the  universal  use  of 
equalizers  for  all  types,  and  cast-iron  driving-wheel  centers  ;  these  are 
manifest  advantages  from  an  American  standpoint;  also,  as  distinctive 
features  and  of  questionable  advantage,  are  tenders  with  swiveling 
trucks,  and  small  drivers  for  high  sjjeeds.  A  distinctive  feature  and  a 
decided  disadvantage  is  the  use  of  heavy  reciprocating  parts. 

The  locomotives  used  in  foreign  countries  are  now,  generally  speak- 
ing, of  about  the  same  weight  and  i^ower  as  those  used  here  10  years 
ago,  and  the  heaviest  foreign  types  for  passenger  service  are  about  the 
same  weight  as  our  light  eight-wheel  tyjje.  There  are  none  used  else- 
where on  comparatively  level  roads  that  are  as  jjowerful  as  our 
ten-wheel  and  mogul  express  engines.  The  average  practice  in  various 
countries  is  given  in  Tables  Al,  A2,  A3,  which  shows  how  closely  some 
of  the  foreign  types  approach  the  American  in  general  features  of  con- 
struction. Abroad  there  are  many  and  varied  types  of  locomotives,  and 
abrupt  changes  in  construction  are  more  common  than  in  the  United 
States.  So  varied  are  the  plans  followed,  and  so  rapidly  do  the 
changes  in  important  details  take  place,  that  the  onlooker  receives  the 
impression  that  a  general  dissatisfaction  exists.  Recent  developments 
have  followed  American  plans,  both  in  weight  and  type,  in  a  way  that 
is  complimentary,  and  there  is  some  evidence  that  when  foreign  loco- 
motive designs  become  more  constant,  and  the  process  of  selection 
evolves  a  nearly  universal  set  of  types,  some  of  the  features  that  are 
now  distinctively  American  will  find  a  place  in  the  ultimate  plan.  One 
distinctive  feature  of  the  American  locomotive  construction  that  will 
eventually  become  universal  is  the  steel  firebox.  The  jiolicy  of  haul- 
ing heavy  trains,  which  is  a  distinctive  feature  of  American  locomotive 
practice,  is  so  clearly  advantageous  that  sooner  or  later  all  countries 
having  long  distances  and  competition  between  common  carriers  will 
run  heavy  trains  and  will  construct  jjonderous  locomotives  to  haul 
them. 
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By  C.  D.  PuBDON,  M.  Am.  Soc.  C.  E. 


Prepared  for  the    International    Engineering  Congress  of   the 
Columbian   Exposition,   1893. 


The  "World's  Columbian  Exposition  having  called  attention  to  a 
number  of  engines  of  the  latest  designs  and  of  much  greater  weight 
than  have  been  used  heretofore,  the  writer  has  thought  it  interesting 
to  comi^are  these  engines,  with  regard  to  the  effect  on  a  bridge,  with 
the  engines  specified  as  typical  by  some  important  roads. 

One  diagram  (Plate  I),  from  certain  bridge  sjjecifications,  shows  a 
series  of  curves  representing  the  loading  from  the  typical  engines 
specified.     This  diagram  is  made  by  calculating  the  bending  moment 

Note.— Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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of  the  engiuos  ou  girdors  uj)  to  i)()-lt.  spaus,  bogiuuiug  at  10-ft.  spans 
and  increasing  bv  5  ft. ;  and  ou  Pratt  trusses  from  100-ft.  to  2(H)-ft. 
spans,  beginning  at  100  ft.  and  increasing  by  25  ft.,  using  i)auels  25  ft. 
long.  After  calculating  the  bending  moment,  the  Avriter  then  found  the 
distributed  load  per  linear  foot  on  the  same  spans,  which  would  cause 
the  same  moments.  Then  plotting  these  loads  on  the  diagram,  he  drew 
a  curve  to  pass  as  nearly  through  all  the  points  as  possible.  From 
spacing  of  the  wheels,  etc.,  a  line  representing  the  actual  momenta 
would  be  somewhat  irregular;  the  curve  gives  a  fair  average. 

The  other  diagram  (Plate  II),  from  some  modern  engines,  was  made 
precisely  in  the  same  way.  The  information  at  hand  did  not  always  give 
quite  enough  data  for  an  accurate  diagram.  The  distance  between  two 
engines  and  the  distance  from  the  last  wheel  to  the  head  of  the  train 
not  being  given,  these  were  assiimed,  as  was  also  the  following — load 
of  3  200  pounds  per  linear  foot,  except  in  the  case  of  engine  No.  805, 
New  York,  Lake  Erie  and  Western,  when  4  000  lbs.  were  taken.  Al- 
though it  is  not  probable  that  two  engines  like  No.  805  would  be 
coupled  together  in  actual  service,  still,  as  nearly  all  bridge  specifica- 
tions use  two  engines,  it  is  better  for  the  purposes  of  comparing  actual 
with  typical  engines  to  consider  them  in  the  same  way. 

It  will  hardly  be  necessary  to  say  to  engineers  that,  although  the 
diagrams  show  a  comparison  between  actual  and  theoretic  loads,  they 
do  not  show  as  fairly  a  comparison  between  the  actual  strains  in  a 
bridge  in  carrying  these  loads,  as  there  is  quite  a  difference  in  the  unit 
strains  on  iron  or  steel  used  by  the  different  specifications,  probably 
fully  as  much  as  20  per  cent. 

The  diagrams  do  not  by  any  means  show  all  the  engines  at  the 
Exposition,  but  show  that  the  tendency  is  still  towards  heavier  loads 
on  track  and  bridges. 

In  two  specifications,  the  Pennsylvania  and  the  Eock  Island,  the 
effect  of  the  two  typical  engines,  followed  by  the  train-load,  would, 
in  the  case  of  the  longer  spans,  fall  below  the  effect  of  the  train-load 
alone.  In  these  cases  the  moments  from  the  engines  were  calculated 
until  the  equivalent  load  equaled  the  train-load,  and  then  the  curves 
were  continued  along  a  horizontal  line  equal  to  the  train  load. 

Two  roads,  the  New  York  Central  and  the  St.  Louis  and  San  Fran- 
cisco, do  not  specify  any  typical  engine,  but  use  a  certain  load  per 
linear  foot  of  bridge,  varying  with  the  length  of  span. 
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The  following  unit  strains  are  specified  to  be  used  in  tension  by  the 
several  roads  named : 


Kailroad. 


Plates  and  Shapes. 


Penna. 


L.  &N. 

C.  R.  I.  &  P. 


min, 

A.  T.  &  S.  P....  7  500  X  1  H 

2  max. 

Cooper 7  500  live,  1 5,000  dead 

min. 

7  500  X  1  -\ 

max. 

!000 

8000 

min. 

7  000  X  1  H 

.   max. 

(8000 

(Under  20;  'i.oX,  decreasing  to  o°i 
7  000 


N.Y.,L.  E.  &W. 

Wabash 

Mo.  Pac 


Frisco 8  000. 


9  000  X  1-1 

'2  max. 

8  000  live,  16  000  dead. 

7  500x1+5^- 

max. 

9  000  to  10  000,  according  to  size  of  bar. 

8  000  live,  16  OUO  dead. 

7  500  XI +?^'"- 


\  9  000. 

8  000. 
10  000. 


max. 
Impact  added  on  spans. 
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SURVEYS  FOR  RAILWAY  LOCATION. 


By  F.  A.  Gelbcke,  Engineer  of  Government  Railways  at  Cologne, 

Prussia. 


Translated  from  the  German  bv  K.   P.  MzLiiER,  Jun.  Am.  Soc.  C.  E. 


Prepared  for  the  International  Engineering  Congress  of  the 
Columbian  Exposition,  1893. 


Introductory. — Railroads,  the  offsj^ring  of  the  19th  century,  have 
developed  in  a  few  decades  with  remarkable  rapidity,  both  in  the  old 
and  in  the  new  world  and  have  left  an  indelible  impress  on  our 
planet.  With  a  length  of  620  000  km.  (in  round  numbers)  or  more 
than  15  times  the  length  of  the  equator,  they  now  cover  the  civil- 
ized countries  of  the  earth  and  still  continue  to  branch  out.  Here, 
they  press  boldly  into  large  territories  not  yet  open  to  commerce; 
there,  they  weave  smaller  meshes  into  the  already  existing  network  of 
rails  ;  everywhere  they  distribute  rich  blessings  to  the  inhabitants,  and 
hence,  too,  are  everywhere  desired.  The  growth  of  railroads  is  inces- 
sant and  will  continue,  taking  the  whole  world  into  consideration,  for 
many  centuries. 

Note. — Discussions  on  all  papers  presented  to  the  International  Engiaeering  Congress, 
■will  be  published  simultaneously  in  the  number  for  December,  1893. 
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Tlie  art  of  projecting  and  building  railroads  develops  continually  ; 
the  most  difficult  problems  do  not  frighten  xis  off.  The  natural  develop- 
ment of  railroading  is  that  roads  should  enter  into  lands  increasing 
"ndth  difficulties,  after  the  simple  projects,  those  more  easily  handled, 
have  been  carried  out.  The  disposition  of  the  immense  sums  spent 
and  yet  to  be  spent  for  the  construction  of  roads  is  placed  in  the  hands 
of  engineers,  who  devise  the  plans  for  the  roads  and  construct  them, 
trusting  to  their  scientific  knowledge  and  their  integrity  of  character. 
Hence  arises  the  duty  of  the  engineers  to  seek  with  untiring  energy 
for  methods  by  which  the  entrusted  capital  may  be  husbanded  to  the 
best  advantage,  and  to  invent  means  by  which  can  be  accomplished 
the  greatest  results  with  the  least  money. 

Among  the  effective  means  at  the  dis^josal  of  the  engineer  for  reduc- 
ing the  cost  of  construction  must  be  counted  the  thorough  study  of 
the  survey.  Defective  surveys,  in  most  cases,  result  in  an  impractic- 
able and  expensive  location,  while  thorough  and  systematically  con- 
ducted surveys  always  furnish  a  practicable  and  cheapest  possible 
location. 

The  following  discussion  purposes  to  describe  the  manner  in  which 
the  engineer  should  conduct  his  surveys,  in  order  to  accomplish  his 
object,  the  most  practicable  location.  Far  from  any  intention  of  dis- 
cussing all  the  details  of  railway  surveys,  it  is  purposed  in  a  few 
words  to  treat  only  a  practicable  system  of  executing  railway  surveys, 
and  to  show,  on  the  other  hand,  how  often  surveys  are  still  imprac- 
ticably conducted.  This  subject  seemed  to  the  writer,  in  view  of  the 
great  financial  consequences  involved,  to  be  of  sufficient  importance  to 
be  presented  at  the  International  Engineering  Congress. 

Eailway  surveys  are  divided  into  general  and  detailed  (preliminary 
and  location).  The  general  surveys  are,  it  is  true,  preceded  by  general 
investigations  (reconnaissance),  and  the  detailed  surveys  (location)  are 
followed  by  prej^arations  for  the  construction  of  the  road.  A  clear 
distinction  of  these  different  technical  operations  will  prove  of  benefit 
to  the  thorough  study  of  railway  projects.  It  is  therefore  jaroposed  to 
divide  railway  surveys  into  the  following  four  divisions  : 

1.  General  Investigations  (reconnaissance), 

2.  General  Survey  (preliminary). 

3.  Detailed  Survey  (pajjer  location). 

4.  Field  Location  and  Preparation  of  Expropriation  Plans. 


GELBCKE  ON  SURVEYS  FOR  RAILWAY  LOCATION.  431 

1.  The  General  Investigations  {reconnaissance). — These  constitute  the 
first  problem  which  confronts  the  engineer  when  the  construction  of  a 
railroad  is  proposed.  Whether  it  be  the  Government,  a  corporation, 
or  private  individuals  who  desire  the  construction  of  a  railroad,  it 
must  be  determined  whether  the  proposed  road,  as  yet  without  definite 
location,  will  be  practicable  and  self-sustaining,  and  what  its  estimated 
cost  will  be.  In  the  older  civilized  countries  useful  topographical 
maps  may  be  found,  on  a  scale  of  1  to  100  000,  or  perhaps  even  on  a 
larger  scale.  In  other  countries  there  are  probably  few  such  maps, 
and  the  engineer  is  compelled  to  obtain  a  general  view  of  the  territory 
in  question  in  a  diflferent  manner.  If  a  map  with  topographical  details 
is  to  be  had,  it  must  still,  in  most  cases,  be  supplemented  for  the  pur- 
pose of  the  reconnaissance.  The  water-courses  must  be  indicated 
more  plainly  by  blue  lines.  The  whole  territory  must  be  traversed 
and  the  comparative  elevations,  which  are  of  foremost  importance,  must 
be  indicated  on  the  majj.  And  here  it  may  be  remarked  that  for  such 
preliminary  level  investigations  barometrical  measurements  are  especi- 
ally well  adapted,  but,  as  a  matter  of  course,  they  must  be  based  on  a 
chain  of  well-determined  heights,  which  latter  may,  however,  be  widely 
separated.  If  no  map  is  to  be  had,  the  engineer  must,  with  the 
simplest  i)Ossible  means,  make  such  an  one.  All  sorts  of  measurements 
become  necessary  for  this,  and  they  naturally  increase  the  expense  of 
the  reconnaissance  to  some  extent.  Finally,  if  the  general  line  is  to  be 
fixed  by  the  reconnaissance,  a  map  of  the  territory  in  question,  show- 
ing elevations,  cannot  be  spared  under  any  circumstances. 

This  map,  however,  will  also  serve  other  purposes.  Besides  the 
study  of  the  practical  diflficulties  to  be  met,  the  populations  of  the 
various  cities  and  villages,  at  what  points  large  industrial  establish- 
ments, mines,  forests,  etc.,  are  located,  must  be  determined.  These 
facts  must  also  be  indicated  on  the  map.  The  population  is  well  re- 
presented by  drawing,  at  the  points  in  question,  circles  whose  areas 
are  proportionate  to  the  population.  These  circles  are  made  more  dis- 
tinct by  being  tinted  with  some  light  color.  They  will  then  indicate 
almost  at  a  glance  which  line  is  most  thickly  populated  and  which,  in 
this  respect,  would  offer  the  most  practicable  route  for  the  railroad. 

With  such  a  map  as  just  described,  it  will  be  an  easy  matter  for 
the  experienced  engineer,  considering  the  general,  concurrently  deter- 
mined, condition  of  the  territory,  to  make  practical  suggestions  for  the 
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selection  cf  this  or  that  route,  perhaj^s  to  ijrojjose  for  further  investi- 
gation several  alternate  lines;  in  general,  to  exi^lain  how  the  line  of 
the  road  ■will  appear,  what  stations  it  will  have,  how  it  will  be  operated 
and  about  how  much  the  construction  and  oiseration  of  the  road  will 
cost.  When  a  satisfactory  decision  has  been  reached,  then  the  general 
investigations  or  reconnaissance  are  completed.  It  should  here  be 
emphasized  again,  that,  for  a  really  satisfactory  conclusion,  the  pre- 
IJaration  and  use  of  a  majj  in  which  toi^ograi^hy,  population  and  in- 
dustries of  the  territory  are  shown,  is  almost  indispensable.  The 
engineer  should  guard  against  expressing  judgment  on  the  location  of 
the  road  without  such  a  carefully  prepared  map,  thus  relying  on  the 
impressions  of  his  travels.  The  latter  often  lead  on  an  entirely  wrong 
track  from  which  it  is  subsequently  difficult  to  part.  It  is  further 
important  to  include  a  great  width  of  the  territory  to  be  examined  and 
represented  on  the  map,  so  that  under  all  circumstances  it  will  include 
every  possible  solution  for  the  location  of  the  road.  The  expenses  of 
such  general  investigations  are  small,  but  on  the  other  hand  their 
value  is  very  great  if  they  are  thoroughly  and  completely  executed. 
They  then  give  the  assurance  that  nothing  has  been  overlooked,  and 
that  routes  have  been  proposed  for  construction  which  court  further 
investigation  and  are  plainly  the  most  practicable. 

In  a  few  more  words  it  may  be  stated  that  for  the  study  of  local 
difficulties  it  may  become  necessary,  even  in  the  general  investigations, 
to  represent  portions  of  the  territory  on  a  larger  scale  than  that  used 
in  the  general  map,  for  instance,  1  to  20  000,  or  1  to  10  000.  Beyond 
that  it  will  seldom  be  necessary  to  go. 

As  far  as  the  expenses  of  such  general  investigations  are  concerned, 
they  depend  on  the  available  maps  and  the  general  characteristics  of 
the  territory  to  be  examined.  It  may  be  asserted,  however,  that  the 
engineer  can  undertake  and  complete  the  general  investigations  for  the 
route  of  a  railroad  for  20  to  40  marks  per  kilometer. 

2.  General  Survey. — The  j^reliminary  survey  must  be  based  on  the 
general  investigations  described  above,  and  is  intended  to  advance  the 
jjroject  and  to  decide  which  of  the  alternate  lines  is  to  be  i^referred.  The 
preliminary  survey  furthermore  serves  to  determine  the  cost  of  construc- 
tion and  operation  of  the  road  with  such  sufficient  exactness  that  the 
capital  can  be  furnished  or  subscribed,  and  that  an  excess  of  the  cost  of 
construction,  as  determined  by  the  reconnaissance,  may  be  excluded. 
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lu  the  uuij)  of  the  reeouuaissauco  the  several  alteruute  Hues  to  be 
considereil  are  shown.  These  must  now  be  more  closely  studied  and 
compared,  and  the  most  practicable  one  must  tiually  be  chosen. 

In  the  preliminary  survey  are  also  to  be  investigated  the  nature  and 
characteristics  of  very  large  stretches  of  country,  measuring  mostly 
several  hundred  square  kilometers.  The  general  map,  on  a  scale  of 
1  to  100  000,  as  we  have  described  it,  is  no  longer  sufficient,  but  it 
becomes  absolutely  requisite  to  plot  the  surveys  on  a  larger  scale,  so 
that  it  is  possible  to  study  the  course  of  the  road  more  exactly,  and  to 
undertake  a  reliable  calculation  of  the  difficulties  to  be  met  and  their 
cost.  There  are  also  to  be  obtained  in  the  preliminai-y  survey,  above 
all,  the  measurements  for,  and  preparation  of,  a  raap  of  positions  and 
elevations  which  shall  contain  all  the  necessary  information  for  the 
study  of  the  project.  During  a  long  practice  the  writer  has  found 
that  such  a  map  is  made  to  the  best  advantage  on  a  scale  of  1  to  2  500, 
and,  under  very  simple  cii'cumstances,  of  1  to  5  000;  and  that  it  is 
further  of  advantage  for  the  review  of  the  whole  project  to  construct 
from  these  plots  another  general  majj  on  a  scale  of  1  to  10  000,  indica- 
ting the  road  on  it  by  a  single  line,  and  to  draw  along  its  side  a  i:)rofile 
on  a  scale  of  1  to  500  for  the  heights. 

Assisted  by  the  general  maj)  (of  the  reconnaissance)  it  becomes  easy 
to  pick  out  the  stretches  of  country  which  come  into  question  in  the 
p»reliminary  survey,  and  of  which  it  next  becomes  necessary  to  make 
plats  on  a  scale  of  1  to  2  500.  In  this  connection  care  must  be  taken 
that  the  limits  of  these  stretches  are  not  taken  too  narrow.  Thus,  a 
greater  extent  of  measurements  and  the  corresponding  jilats  become 
necessary  in  the  case  of  flat  country  or  of  water-sheds  than  in  the  case 
of  narrow  valleys,  in  which  only  a  narrow  strip  of  land  can  enter  into 
the  question  of  the  location.  It  is  recommended  in  the  case  of  narrow 
valleys  always  to  consider  both  slopes  of  the  valley  in  the  extent  of  the 
survey. 

Since  then,  in  the  jireliminary  survey,  w^e  deal  with  the  measure- 
ment of  extended  areas,  and  since,  on  the  other  hand,  a  jjrecise  deter- 
mination of  heights,  even  with  reference  to  the  scale  of  the  plats,  is 
not  at  all  requisite,  the  barometer  is  here  exceedingly  well  adapted  for 
the  determination  of  levels.  In  the  hands  of  an  experienced  engineer 
it  is  an  instrument  of  extraordinary  efficiency  and  sufficient  accuracy. 
The  engineer  himself,  furnished  with  a  barometer,  must  mount  all  heights 
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to  be  determined,  and  in  this  -way  lie  also  acquires  a  comprehensive 
knowledge  of  the  country,  quite  invaluable  in  the  study  of  the  general 
project.  Other  methods  which  can  be  applied  in  preliminary  surveys 
may  be  mentioned;  as,  for  example,  plane  table  surveys,  or  notes 
by  means  of  the  tachymeter;  or,  finally,  and  to  be  least  recom- 
mended, cross-section  measurements.  But  none  of  these  methods 
are  so  well  adapted  for  preliminary  surveys  as  barometrical  measure- 
ments. The  writer  would  here  describe,  in  a  few  Avords,  an  approved, 
though  unfamiliar,  procedure  of  the  barometrical  determination  of 
heights,  for  the  purpose  of  preliminary  surveys. 

The  equipment  of  a  corps  of  about  five  engineers  for  iindertaking 
barometric  measurements  for  the  i^urposes  of  the  preliminary  surveys 
is,  considering  the  rapidity  of  progress,  comparatively  simple,  and 
consists  of  four  levels  and  level  rods,  three  sextants,  two  plummets, 
two  tape  measures,  twenty  ranging  poles,  five  leather  bags,  about 
eight  aneroid  barometers,  one  or  two  barographs,  and  three  sling 
thermometers  for  the  determination  of  atmospheric  temperature;  lastly, 
every  engineer  must  be  jsrovided  with  a  good  pocket  timepiece. 
Every  engineer  should  have  but  one  assistant,  whose  duty  is  chiefly 
to  carry  instruments  and  keep  field  notes. 

The  determination  of  heights  by  means  of  the  aneroids,  to  be  reliable, 
must  rest  on  a  network  of  elevations  which  have  been  determined  by 
the  spirit  levels  at  such  distances  that  at  intervals  of  from  half  to  one 
hour  the  readings  of  the  aneroids  can  be  taken  at  such  points.  For 
the  determination  of  changes  of  atmospheric  jiressure  during  the  work 
the  barographs  are  used,  that  is,  aneroid  barometers,  which  automa- 
tically register  the  pressure  on  a  strip  of  paper  moved  by  clockwork. 
The  barographs  may  be  disj)ensed  with  if  the  determined  heights  are 
taken  so  close  that  every  engineer  in  the  field  can  read  his  aneroid  at 
one  of  these  fixed  j^oints,  not  less  often  than  every  half  hotir.  Under 
these  circumstances  it  may  be  generally  assumed  that  the  j^ressures 
change  regularly  in  the  meantime.  In  the  determination  of  heights  for 
engineering  purposes,  the  aneroids  of  Naudet,  of  Paris,  Bohne,  of 
Berlin,  and  Hottinger,  of  Ziirich,  and  especially  those  of  the  last- 
named  manufacture,  have  jiroved  most  satisfactory.  The  work  is 
much  simplified  if  the  aneroid  is  independent  of  temperature,  a  condi- 
tion which  Bohne,  of  Berlin,  has  almost  accomplished  by  means  of  a 
compensating  attachment.     But  all  aneroids  which  have  thus  far  been 
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in  use  olianp;o  their  readinj^s  with  time,  and  it  is,  therefore,  absolutely 
necessary  to  snhjeet  all  the  instruments,  before  every  campaign  (i.e., 
once  a  year),  to  an  examination  and  to  make  new  correction  tables  for 
them. 

The  measuring  of  heights  with  the  aneroid  always  i^resupjioses  the 
existence  of  a  map  of  the  territory  in  question,  or  that  the  positions  of 
the  stations,  whose  elevation  is  desired,  are  easily  determined.  If 
there  are  maps,  as,  for  instance,  maps  that  show  the  ownership  of 
property,  they  are  to  be  used  drawn  to  a  scale  (say,  1  to  2  500,  or  1  to 
5  000),  and  for  further  use  they  may  be  manifolded  to  great  advantage 
by  some  printing  process.  It  has  proven  disadvantageous  to  make  the 
separate  sheets  more  than  1.2  m.  long  and  0.60  m.  wide.  If  no  maps 
are  to  be  had,  nothing  remains  for  the  engineers  but  to  lay  out  a  net- 
work of  lines  over  the  whole  of  the  land  to  be  measured;  to  put  on 
paper  this  network,  which  also  should  contain  the  elevation  stations, 
on  a  scale  of  1  to  2  500  or  1  to  5  000,  and  to  fill  in  the  meshes  of  this 
network  by  the  use  of  the  pedometer  at  the  time  of  making  the 
aneroid  measurements.  In  either  case,  where  there  is  or  is  not  a  local 
map,  the  determination  of  elevations  by  aneroids  must  be  preceded  by 
a  line  of  levels  obtained  by  spirit  levels,  which  needs,  however,  follow 
only  approximately  the  prospective  route  without  strained  exactness, 
but  which,  for  the  sake  of  certainty,  must  be  made  by  two  engineers, 
independently,  and  the  purpose  of  which  is  to  establish  bench  marks  at 
distances  of  about  200  or  300  m.  For  the  elevations  of  the  leveling  of 
n  kilometer  distances,  an  approximation  of  80  ^rT  millimeters  will  be 
sufficient. 

On  account  of  the  great  width  of  the  territory  to  be  surveyed 
(about  1.5  km.),  the  jjrincipal  line  of  level  must  furthermore  be  supple- 
mented by  various  secondary  lines  of  leveling,  which  are  to  be  con- 
nected with  the  i^rineiiial  line  at  various  jjoints,  and  must  contain 
most  of  the  easily  accessible  bench  marks.  Great  accuracy  is  not 
required  in  the  secondary  lines.  In  a  distance  of  2  km.  an  error  of 
20  cm.  may  still  be  admitted.  The  elevation  stations  of  the  secondary 
lines  are  also  to  be  distinctly  entered  on  the  field  map. 

We  can  now  proceed  to  the  barometric  leveling.  Barometers  are 
intended  for  the  measurement  of  atmospheric  pressure,  which  is 
dependent,  not  only  on  the  elevation  of  the  jjoint  of  observation,  but 
also   on  various  other  circumstances,   and  is   also   variable  in  time. 
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Now,  if  observations  of  the  atmospheric  pressures  are  simultaneously 
made  at  two  jjoints  which  are  not  separated  very  far  in  sj^ace  (the  best 
practice  is  not  to  exceed  15  km.),  the  difference  of  the  observed  pres- 
sures will  correspond  to  the  weight  of  the  column  of  air  which  lies 
between  the  two  horizontal  planes  passing  through  those  points.  The 
height  of  this  air  column  equals  the  required  difference  of  elevation 
between  the  two  i:)oints.  It  can  be  calculated,  according  to  a  formula 
based  on  experience  (the  so-called  barometric  formula),  if  the  pressure 
at  each  jjoint  of  observation  is  known,  besides  the  mean  temperature 
of  the  air  column. 

If  a  barogra^jh  is  used  in  connection  with  these  observations,  it  is 
so  set  up  that  it  is  about  at  the  center  of  the  field  to  be  measured,  and 
that  the  engineers  with  the  aneroids  do  not  get  farther  away  than  15  km. 
at  the  most;  otherwise  the  position  of  the  barograph  must  be  changed. 

In  carrying  out  the  measurements,  the  engineer  begins  with  some 
determined  bench  mark  of  the  local  majj,  looks  for  that  jDoint  in  the 
field,  and  at  the  same  observes  the  time,  the  aneroid  temperature,  and 
the  reading  of  the  aneroid,  after  having  lightly  tajsped  the  same,  to  cause 
the  instrument  to  work  freely.  The  field  map  or  plan  is  fastened  to 
the  portfolio  that  the  assistant  carries.  The  assistant  also  has  a  time- 
piece hung  from  his  neck.  Lead-pencil  and  pedometer  are  tied  to  the 
coat  of  the  engineer,  that  he  may  have  his  hands  free  for  the  measure- 
ments. 

Having  started  from  well-determined  stations,  the  intermediate 
stations  of  the  territory  can  be  located  by  pacing  and  comparison 
with  the  distances  on  the  field  map,  and  recorded,  in  the  case  of  a 
simple  configuration  of  the  ground,  for  every  50  double  paces  (100 
yards) ;  but  in  the  case  of  more  complex  configuration  more  fi'equent 
points  are  required,  by  pacing  the  border  lines  or  simple  construction 
lines,  and  the  heights  must  be  determined  barometrically. 

The  line  to  be  followed  by  the  observer  is  previously  descrmined  by 
the  condition  that  inside  of  a  half  or  one  hour  at  most,  the  reading  of 
the  aneroid  must  again  be  taken  at  some  bench  mark,  that  is,  some 
station  of  well-determined  elevation.  The  extent  of  the  teiTitory  to 
be  measured  in  the  meantime  depends  on  the  skill  of  the  observer, 
the  clearness  from  obstructions,  the  worth  of  the  aneroid  and  the  con- 
figuration  of  the  ground.  After  a  little  experience,  the  engineer  can 
easily  tell  at  a  glance  which  line  to  follow. 
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For  tlie  certaiu  detoriniuation  of  lieiglits,  it  is  also  imjiortant  to 
take  so-called  check  stations,  that  is,  to  rejjeat  barometric  ohserva- 
tious  at  some  point  after  a  lapse  of  time  (for  instance,  after  one  or  two 
honrs),  thereby  obtaining  a  check  on  the  change  of  pressure  and  on 
the  correctness  of  the  readings  of  the  aneroid. 

One  engineer  of  average  experience,  with  an  assistant,  can  locate 
and  determine  the  elevation  of  100  stations  in  a  hilly  district  in  one 
day.  Very  experienced  observers  can  accomplish  double  that  amount. 
The  stations  lie  on  an  average  of  50  to  60  double  paces  apart  (100  to 
120  yds.). 

For  the  determination  of  atmospheric  temperature,  the  sling 
thermometer,  already  mentioned,  is  used,  by  swinging  the  same  on  a 
string  in  the  atmosphere,  in  a  shady  spot,  until  it  indicates  a  station- 
ary temjjerature.  According  to  the  season  and  the  geograj^hical  loca- 
tion of  the  i^lace  it  becomes  necessary  to  make  these  temj)erature 
observations  two  or  three  times  a  day. 

The  calculation  cf  the  heights  of  the  barometrical  observations  is 
done  most  satisfactorily  by  graj^hical  means.  The  aneroid  readings, 
corrected  for  temj^erature,  are  plotted  on  cross-section  paper.  On 
these,  with  the  aid  of  the  notations  of  the  barograph  and  the  readings 
at  the  bench  marks  and  check  stations,  a  horizontal  curve  is  con- 
structed. Thus,  an  aneroid  diagram  is  formed,  from  which  it  is  only 
necessary  to  read  the  ordinates  of  the  curve  at  the  stations  on  the 
diagram,  with  a  scale  varying  to  suit  the  observed  changes  of  tem- 
j)erature  of  the  day,  in  order  to  obtain  the  elevation  of  the  stations. 
This  graphical  diagram  was  invented  by  Engineer  Steinach,  and 
described  in  detail  by  the  inventor,  in  1881;  in  the  first  number  of 
Zeitschrift  des  Architekten  unci  Tngenieur-Vei'e ins  zu  Hannover.  It  fur- 
nishes the  desired  results  quickly  and  without  any  calculation,  so 
that  large  errors  in  the  determination  of  elevations  are  completely 
excluded.  Concerning  the  accuracy  of  the  aneroid  measurements — 
for  instance,  those  of  aneroids  of  Hottinger — variations  of  pressure 
corresponding  to  0.01  mm.  of  quicksilver,  or  about  0.1  m.  of  elevation, 
can  be  read,  although  it  is  not  possible  to  carry  out  such  accuracy  in 
the  field.  Experience  has  shown,  however,  that  a  careful  observer 
is  able  to  reach  an  aj)i)roximation  of  1  or  2  m.  elevation  with  certainty, 
which,  on  the  scale  of  1  to  2  500,  1  to  5  000,  or  even  1  to  10  000,  chosen 
for  the  plat,  is  sufficiently  close.     The  view  often  advanced,  that  the 
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aneroid  does  not  offer  sufficient  accuracy  for  preliminary  surveys,  i* 
unfounded. 

After  the  heights  have  been  determined,  the  entering  of  the  eleva- 
tions and  contours  in  the  plat,  and  the  completion  of  the  plats  on  a 
scale  of  1  to  2  500,  follow.  The  contours  are  entered  for  every  5  m. 
elevation,  and  are  drawn  in  a  striking  color,  for  instance,  red,  and  every 
fifth  contour  is  drawn  heavier.  In  the  plats  of  1  to  2  500,  roads,  water- 
courses, buildings,  the  limits  of  built-up  localities,  or  other  important 
limits  are  now  entered,  relatively  elaborated,  and,  as  far  as  necessary, 
also  indicated  by  written  notes.  Furthermore,  the  high  water-marks 
on  bridges  and  buildings  or  other  places  are  written  down  in  blue;  so, 
too,  the  width  and  height  of  every  existing  bridge  and  of  every  cul- 
vert is  given.  In  the  plat  are  also  indicated,  by  suitable  notation,  all 
unusual  topographical  details,  as  the  existence  of  rock  masses,  the 
strike  and  dip  of  rock  strata,  slides,  swamps,  springs,  quarries,  pits, 
etc.,  which  are  of  importance  in  the  study  of  the  location.  A  contour 
map  made  up  in  this  way  on  a  scale  of  1  to  2  500  forms  an  excellent 
basis  for  the  study  of  a  general  location  and  for  the  calculation  of 
the  cost  of  construction  of  the  railroad. 

To  give  a  description  of  the  study  of  the  general  project  would 
carry  us  too  far.  But  it  must  here  be  emphasized,  that  the  line 
selected  must  surpass  all  its  competitors  in  best  adapting  itself  to  the 
configuration  of  the  land,  and  that  the  final  result  must  be  the  un- 
questioned designation  of  that  line  as  above  all  others  the  one  which 
can  be  advanced  as  the  most  practicable.  It  is  to  be  further  remarked 
that  the  staking  out  of  the  line  in  the  field  is  not  necessary  in  the 
preliminary  survey ;  it  should  even  be  avoided,  as  all  facts  can 
be  taken  from  the  map,  and  only  in  the  latter  is  a  superficial  study 
possible.  The  transferring  of  the  line  to  the  field  has  no  purpose;  it 
may  even  injure  the  progress  of  the  whole  enterprise  in  that  the  adjoin- 
ing property-owners  are  put  in  a  position  to  siseculate  with  their 
property. 

Along  with  the  execution  of  the  preliminary  work,  the  general  esti- 
mate of  cost  is  to  be  made,  and  the  j^reviously  reported  statement  of 
the  needed  capital  is  to  be  corrected  and  supplemented.  The  route  is 
finally  to  be  put  down  in  a  map  on  a  scale  of  1  to  10  000;  and  a  jarofile 
on  a  scale  of  1  to  10000  for  distances  and  1  to  500  for  heights  is  to  be 
made.     Of  the  larger  structures  and  of  the  track  and  switch  work  of 
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the  yards,  sketches  are  to  be  made  for  estimatiug  their  cost.  Prelimi- 
nary surveys,  made  in  the  above  comprehensive  manner  and  oflfering 
most  certainly  the  best  i)racticable  solution,  cost,  according  to  the 
writer's  experience,  from  100  to  200  marks  per  kilometer. 

Of  all  the  prei)aratory  work  for  the  construction  of  the  road,  the 
preliminary  survey  is  the  most  important  of  the  engineer.  If  carried  on 
in  the  proper  manner,  there  is  no  daugtn'  that  the  location  of  the 
road  must  be  later  designated  as  a  failure.  Still,  the  detailed  work  to 
be  described  hereafter  is  also  important  and  miist  likewise  be  carried 
out  with  a  care  corresponding  to  its  purpose. 

3.  Detailed  Surrey. — This  rests  on  the  preliminary  surveys,  as  these 
were  based  on  the  general  investigations  or  reconnaissance.  They  con- 
stitute a  further  step  towards  arriving  at  the  plan  of  the  road.  For 
this  purpose  the  location  of  the  line  must  be  examined  in  gi'eater 
detail,  for  which  again  plats  on  a  larger  scale  are  necessary.  The  next 
duty  of  the  engineer  consists  in  making  surveys,  and  from  these  ta 
prepare  study  maps  which  shall  contain  everything  that  is  necessary 
for  the  study  of  the  detailed  project.  A  suitable  scale  for  these  study 
maps  is  1  to  1  000.  From  the  preliminary  survey  the  approximate 
location  is  known.  The  detailed  study  of  the  project  requires  an 
exact  survey  of  a  strip  of  land  from  100  to  200  m.  wide  in  which  the 
smaller  width  is  to  be  taken  for  heavily  sloping  land,  the  larger  for 
flat  land. 

As  in  the  preliminary  survey  the  barometer  was  mentioned  as  the 
instrument  best  adapted  for  the  work,  so  for  the  surveys  for  the  de- 
tailed work  the  tachymeter  is  best  adapted,  that  is,  a  theodolite  fur- 
nished with  stadia  wires. 

The  available  force  of  engineers  and  assistants  is  divided,  in  tachy- 
meter measuring,  into  small  parties.  Each  party  consists  of  two 
engineers,  a  recorder,  a  boy  for  holding  the  umbrella  and  for  giving 
signals,  and  two  or  three  rodmen.  For  the  equipment  of  each  party 
there  is  necessary,  a  tachymeter,  with  tripod  and  hood,  a  plummet,  an 
instrument  umbrella,  a  camp  stool,  a  tape,  two  or  three  telemeter  rods 
with  plummets  or  pocket  levels  and  stakes  for  securely  setting  up  the 
rods. 

The  field  work  begins  with  laying  out  a  traverse  line  which  approxi- 
mately follows  the  proposed  line.  The  levels  of  the  intersection  points 
of  the  traverse  are  exactlv  determined  and  serve  for  all  further  work 
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as  bench  marks;  consequently,  tliej  are  to  be  fixed  as  securely  as 
possible. 

When  the  traverse  line  is  staked  out,  secured,  measured  and  leveled, 
it  is  plotted  on  a  scale  of  1  to  1  000,  and  the  real  tachymetrical  survey 
then  begins.  In  the  work,  one  of  the  engineers  of  each  party  is  sta- 
tioned at  the  instrument,  takes  the  readings,  calls  them  off  to  the 
recorder  who  stands  beside  him,  and  has  the  umbrella  boy  give  the 
necessary  prearranged  signals  to  the  other  engineer  Avho  is  with  the 
rodman,  to  give  them  the  necessary  directions.  The  second  engineer 
carries  the  field  book  and  records  in  it  all  the  notes  of  the  de- 
termined and  consecutively  numbered  stations,  and  supplements  it  by 
intermediate  distances  which  are  necessary  to  work  uj?  the  plot. 

For  the  rajDidity  and  usefulness  of  the  tachymetrical  measurements 
it  is  important  to  keep  in  view  that  the  heights  of  the  land  must  be 
obtained  from  comparatively  few  well-determined  stations.  By  means 
of  the  tachymeter  every  desired  i3oint  of  the  field  can  be  quickly  deter- 
mined with  regard  to  position  and  elevation;  therefore  the  capability 
of  the  tachymeter  is  very  great.  According  to  the  writer's  experience, 
it  may  be  asserted  that  practiced  engineers  in  a  field  with  not  too 
many  obstructions  can,  in  one  full  working  day,  determine  about  600 
points. 

The  calculation  of  the  tachymetrical  stations,  in  other  words,  the 
reckoning  of  the  distances  from  the  instrument  stations  as  well  as  the 
elevations,  may  be  made  by  means  of  tables,  or  by  logarithmic  slide 
rules,  or  by  the  tachymetrical  scales,  based  on  graphical  methods  of 
Engineer  Teischinger  *  or  of  Engineer  Puller,  f  Since  by  the  use  of 
the  tachymetrical  sliding  rules  almost  all  calculations  can  be  avoided, 
and  the  scale  directly  shows  the  elevation  and  horizontal  distance, 
the  reckoning  with  the  two  tachymetrical  slide  rules  is  to  be  pre- 
ferred in  extended  surveys  above  all  other  methods,  as  the  most  re- 
liable, most  convenient  and  most  rapid. 

For  jDlotting  the  notes,  the  sheets  with  the  plotted  traverse  line  on 
a  scale  of  1  to  1  000  are  used.  The  plotting  is  started  from  the  traverse 
station  corresponding  to  instrument  stations  by  means  of  protractors. 
In  this  way  a  map  is  developed  on  which,  finally,  contours  of  1  m. 

*  Described  in  No.  4,  1883,  of  the  "  Zeitschrift  des  oaterreichischen  Ingenieur  u.  Archl- 
tekten  Vereins." 

t  No.  4,  1888,  of  the    "  Zeitschrift  des  Architekten  u.  Ingenieur-Vereins  zu  Hannover." 
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ilifforonoe  iu  elevation  may  be  sketched.  Every  tiftli  contour  is  drawn 
more  heavily  than  the  rest.  As  a  matter  of  course,  the  maj)  must  show 
all  determined  points  with  their  elevations,  all  objects  necessary  for  the 
detailed  location,  roads  and  water-courses,  bodies  of  water  and  flood 
points,  buildings,  bridges  and  culverts,  farms,  imjjortant  boundaries, 
strike  and  dip  of  rock  strata,  rock  masses,  slides,  swamps  and  moors, 
and  all  must  be  plainly  described.  In  order  to  judge  after  the  plotting, 
whether  the  surveyed  and  plotted  territory  is  sufficient  for  the  study 
of  the  location,  it  is  necessary  to  lay  out  a  preliminary  line.  If  it  then 
becomes  apparent  that  the  spread  of  the  survey  is  not  sufficient,  sui> 
plementary  surveys  are  to  be  undertaken  at  once. 

For  the  study  of  the  detailed  location,  exact  knowledge  of  the  nature 
of  the  soil  where  the  road  is  to  be  located  is  of  importance.  There- 
fore, test  pits  along  the  isreliminary  line  are  to  be  made  in  all  the  larger 
cuts  and  the  natiire  of  the  soil  and  rocks  determined,  in  order  to  decide 
what  slopes  are  practicable,  and  what  the  cost  of  moving  will  be.  For 
the  investigation  of  the  capability  of  the  ground  to  carry  weights,  test- 
pits  must  also  be  made  at  the  base  of  high  embankments  and  at  places 
where  large  structures  are  to  be  located.  The  test-j^its  are  likewise  to 
be  indicated  in  the  majj,  and  the  result  of  the  examination  of  the  i^its 
is  to  be  noted  on  the  edge  of  the  map. 

By  this  time  the  field  work  may  be  considered  completed,  and  the 
engineer,  aided  by  the  study  map  on  a  scale  of  1  to  1  000,  jjroceeds  to 
a  thorough  study  of  the  location.  All  requisite  notes  he  takes  from 
the  maps  on  which  by  various  trials  he  seeks  the  most  practicable 
location  of  the  road.  As  necessary,  he  can  take  every  required  profile 
or  cross-section  from  the  map  and  can  make  the  earthwork  calcula- 
tions. From  the  notes  of  the  map  he  is  also  able  to  design  and 
estimate  on  all  the  structures.  Thus  the  detailed  location  of  the  road 
and  the  detailed  estimate  ai'e  arrived  at  without  the  necessity  of 
locating  the  line  of  the  field,  to  which  favorable  circumstances  especial 
attention  will  hereafter  be  called.  The  study  is  made  from  the  maps 
of  1  to  1  000,  and  is  also  laid  out  on  this  scale.  Copies  of  the  maps 
are  made,  and  the  location  is  entered  on  them.  The  scale  is  large 
enough  to  indicate  also  the  adjacent  ground.  For  a  general  view  of 
the  whole  road,  the  scale  of  1  to  1  000  is,  however,  too  large  ;  there- 
fore, it  may  be  suggested,  as  it  is  often  done,  to  prepare,  besides,  a 
general  plan  on  a  scale  of  1  to  2  500,  which  is  best  done  by  j^hoto- 
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graphic  reduction.  These  maps  -will  contain  the  complete  presenta- 
tion of  the  road,  and  are  supplemented  by  a  superscribed  profile  of 
the  line  on  a  scale  of  1  to  2  500  for  the  distances  and  1  to  250  for  the 
elevations. 

Detailed  surveys,  which  are  made  in  the  manner  above  described, 
cost,  according  to  the  writer's  experience,  from  1  000  to  2  000  marks 
per  kilometer. 

4.  Field  Location  and  Preparation  <f  Expropriation  Plans. — The 
next  work  of  the  engineer  is  the  transferring  of  the  line  to  the 
field,  in  accordance  with  the  location,  as  made  on  the  plats  of  the 
detailed  surveys  on  the  1  to  1  000  scale.  The  staking-oflP  starts  from 
the  traverse  line  given  in  the  field  and  in  the  maps.  According  to  the 
accuracy  of  the  maps,  it  is  easily  found  that  the  line  as  transferred  to 
the  field  corresponds  to  its  location  as  given  in  the  plats.  The  length 
©f  the  line  in  the  field  will,  however,  always  differ  somewhat  from 
the  plotted  line;  still,  never  so  much  that  the  general  map  (scale  1  to 
2  500)  becomes  useless.  The  division  of  the  road,  doubly  measured 
in  the  field  for  the  sake  of  certainty,  is  afterwards  distinctly  shown  in 
the  plats  of  1  to  1  000,  and  is  made  the  basis  of  the  construction. 

After  the  line  has  been  staked  out,  numbered  and  secured  by 
reference  points,  a  profile  of  it  is  made  by  connecting  with  the  bench- 
marks of  the  traverse  line.  This  work  is  followed  by  the  cross- 
sectioning  at  right  angles  with  the  line.  Consideration  of  the  suitable 
location  of  the  cross-sections  must  be  had  during  the  staking  out  of 
the  line,  and  it  must  be  remembered  that  the  exactness  of  the  earth- 
work calculations  depends,  not  on  the  niimber,  but  on  the  correct 
position,  of  the  cross-sections.  These  are  intended  only  for  the  con- 
struction of  the  comparatively  narrow  roadway,  and  are,  therefore,  to 
be  extended  only  for  short  distances  on  each  side  of  the  line.  The 
drawing  of  the  profile  is  made  with  most  satisfaction  on  the  scale  of 
1  to  2500  for  distances  and  1  to  250  for  height,  while  the  cross-sections 
are  made  in  undistorted  form  on  a  scale  of  1  to  200.  Both  profile  and 
cross-sections  are  provided  with  the  notes  of  the  survey  and  are  util- 
ized to  arrive  at  the  earthwork  calculations  necessary  for  the  immediate 
construction  of  the  road. 

The  transference  of  the  line  to  the  field,  just  described,  is  followed 
by  the  measurement,  plotting  and  finishing  of  the  property  plans  on  a 
Bcale  of  1  to  1  000  and  the  preparation  of  the  lists  for  the  acquisition 
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of  the  ])roperty.  The  property  plans  are  surveyed  along  the  tangents 
of  the  line  and  are  connected  with  adjacent  property. 

Before  the  construction  of  the  road  is  begun,  it  becomes  necessary 
again  to  subject  the  detailed  location  to  another  examination,  and  at 
places  to  improve  and  siipplement  it.  This  is  followed  by  the  j^repara- 
tion  of  working  drawings,  specifications  and  the  formulating  of  con- 
tracts, etc.  But  this  work  is  no  longer  to  be  counted  a  jmrt  of  the 
survey  of  the  road,  but  rather  of  the  construction.  It  may,  there- 
fore, be  assumed  that  the  survey  closes  with  the  measuring  and  pre- 
paration of  the  exjiropriation  plans.  In  the  case  of  each  of  the  three 
previous  divisions  of  the  survey,  the  approximate  cost  of  the  work 
for  1  km.  of  road  was  given  at  the  end.  So  here,  too,  it  is  to  be 
stated  that  the  staking  out  of  the  line  and  the  prejiaration  of  the 
expropriation  plans,  as  still  belonging  to  the  survey,  together  are  to 
be  estimated  at  about  400  to  800  marks  per  kilometer. 

The  total  cost  of  the  survey  would  add  up,  according  to  the  preced- 
ing figures,  about  as  follows  : 

Cost  of  1  km.  of  road. 

General  investigation 20  to       40  marks. 

Preliminary  survey 100"       200      " 

Detailed  survey 1  000  "  2  000      " 

Field    location    and   preparation  of 
expropriation  plans 400  "      800      " 

Total  cost  of  sui-vey 1  520  to  3  040  marks. 

That  is,  i^roperly  and  thoroughly  conducted  surveys  for  railroads  cost 
according  to  smaller  or  greater  difficulties,  under  mid-European  con- 
ditions, about  from  1  500  to  3  000  marks  for  each  kilometer  of  road. 

"With  this  the  wiiter  ends  the  discussion  of  a  practicable  method 
for  making  surveys  for  railroads,  as  proposed  in  the  introduction. 
Basing  his  opinion  on  experience,  he  is  convinced  that  those  engineers 
who  pursue  it  will  soon  ajjiireciate  the  great  advantage  of  the 
method  by  which  we  proceed  step  by  stej)  from  the  general  to  the 
particular.  The  investigations  are  accomiilished  in  a  quiet  and  satis- 
factory manrrer,  and,  with  the  least  competency  of  the  chief  engineer, 
a  failure  is  completely  avoided.  In  conclusion,  let  us  make  a  short 
freview  of  the  method  of  work,  and  show  in  a  few  words  how  surveys 
or  railroads  are  contrary  to  the  accei^ted  rule,  still  often  pursued  in. 
an  impracticable  manner. 
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In  an  abridged  form,  the  writer  proposes  the  following  rules  for 
surveys  for  railway  locations  : 

Firstly. — General  investigations  are  to  be  made,  which  must  cover  a 
large  territory  containing  all  possible  alternate  lines.  For  this  j^ur- 
pose  a  review  map  of  1  to  100  000  is  prepared,  in  which  the  topograjDhy 
is  represented  and  in  which  all  imijortant  elevations  are  to  be  shown. 
Result ;  proposal  of  various  alternate  lines  with  estimate  of  cost  of  con- 
struction and  oijeration  of  the  road. 

Secondly. — General  Surveys. — The  alternate  lines  suggested  by  the 
general  investigations  are  more  carefully  examined  by  general  surveys 
(preliminary).  Fortius,  surveys  of  large  stretches  of  land  and  study 
majjs  with  contours,  on  a  scale  of  1  to  2  500  or  1  to  5  000,  by  means  of 
aneroid  barometers,  are  made.  Study  of  the  general  project  in  these 
maps  and  i^resentation  of  them  on  a  scale  of  1  to  10  000  for  a  ground 
plan,  with  a  profile  on  a  scale  of  1  to  500  for  height.  The  line  is  not 
transferred  to  the  field.  Results  of  the  preliminary  survey — selection 
of  the  most  practicable  location,  general  jilan  on  given  scale,  general 
estimate  of  cost  with  reliably  sufficient  total  cost  and  estimated  income 
of  the  road. 

Thirdly. — The  Detailed  Surveys. — The  general  line  is  more  closely 
studied,  its  most  practicable  location  still  more  accurately  deter- 
mined. For  this,  surveys  by  means  of  the  tachymeter,  of  a  strip  of 
land  from  100  to  200  m.  wide,  are  made.  Exact  maps  or  plats  (study 
maps  with  contours)  on  a  scale  of  1  to  1  000,  soil  investigations,  etc. , 
are  made.  Study  of  the  detailed  line  in  the  above-mentioned  maps  of 
1  to  1  000,  and,  as  in  the  case  of  the  general  survey,  without  staking  oflf 
the  line  in  the  field.  Drawing  of  the  detailed  route  in  the  maj^s  of  1 
to  1  000,  as  also  for  general  review  purposes  in  the  maps  of  1  to  2  500, 
to  which  is  added  a  profile  of  1  to  250  for  heights.  Results  of  the  de- 
tailed surveys — exact  determination  of  the  most  practicable  location, 
detailed  plan  of  the  same  and  adjacent  territory,  detailed  or  principal 
estimate  of  the  cost  of  the  road. 

Fourthly. — Field  Location  and  Preparation  of  Expropriation  Plans. — 
This  division  comprises  the  transferring  of  the  line  into  the  field,  as 
determined  in  the  exact  plates,  measuring  of  length  and  elevation  of  the 
located  line,  measuring  and  drawing  of  short  cross-sections,  indicating 
of  the  line  in  the  cross-sections  and  larofile,  further  testing  and  supple- 
menting of  the  route;    finally,   measurement  and   preparation  of  the 
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property  maps  aud  making  list  of  jiroperties  to  be  acquired.  Result: 
Detailed  aud  thoroughly  prejiared  route  of  the  road  for  those  intend- 
ing to  construct  it,  the  line  of  which  has  been  transferred  to  the  Held. 

It  is  to  be  added  that  the  foregoing  rules  prescriV)e  the  measure- 
ment at  first  of  general,  then  of  plots  of  gradually  increasing,  exact- 
ness, in  which  the  choice  of  lines  may  be  made,  and  their  study  may 
be  accomplished;  whereas,  the  staking  out  of  the  line  in  the  field  and 
the  measurement  of  profile  and  cross- sections  cannot  be  undertaken 
till  the  end,  and  then  only  when  the  exact  location  of  the  line  in  the 
plots  is  finally  determined.  This  will  not  only  avoid  the  premature 
and  unnecessai'y  transferring  of  the  sujiposed  line  to  the  field,  and  the 
making  of  unnecessary  cross-section  measurements,  but  it  will  espe- 
cially meet  the  danger  of  locating  in  the  field  and  building  accordingly 
a  line  lacking  previous  comprehensive  and  thorough  exanunation  and 
investigation.  This  danger  is  always  present,  if  the  chief  engineer  has 
transferred  to  the  field  any  line,  according  to  his  views  perhaps  the 
most  practicable  one,  without  having  previously  investigated  it  first  in 
general,  then  in  detailed,  maps.  Unfortunately  this  still  frequently 
occurs.  It  is  thought  that  dependence  can  be  placed  on  a  practiced 
eye,  on  traveling  imi^ressions,  etc.  It  is  intended  perhaps  also  to 
greatly  simplify  the  procedure  of  the  stu'veys,  and  it  is  hoped  to  attain 
the  result  more  rapidly,  if  the  trouble  of  the  preparation  of  compre- 
hensive majis  and  the  examination  of  the  lines  by  means  of  them  is 
dispensed  with;  in  short,  it  is  assumed  that  the  best  location  can  be 
obtained  without  long  investigation,  and  acting  on  this  supposition 
the  line  is  located  at  once  in  the  field.  The  line  is  measured,  cross- 
sections  are  measured  and  drawn,  and  the  project  is  worked  up  accord- 
ing to  the  location  in  the  field.  Thus  the  unfortunate  step  to  au  un- 
favorable solution  is  made. 

It  soon  becomes  evident  that  the  line  as  located  in  the  field  is  not 
altogether  practicable.  Then  adjustments  of  the  line  Avithin  the  limits 
of  the  cross-sections  are  attempted  and  if  these  get  too  far  from  the 
original  line,  nothing  remains  but  to  partially  stake  out  a  second  trial 
line  and  to  repeat  the  measurements  and  calculations  for  this  one, 
again  without  good  results.  In  this  way  adjustments  and  new  trial 
lines  follow  one  another,  until  finally  a  practicable  route  is  develoijed. 
Practicable  it  may  be,  but  who  will  vouch  for  it  that  it  is  the  most 
practicable  of  all  possible  routes  ?     No  engineer  who   has  made  his 
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surveys  in  the  faulty  manner  just  described  can  say  that.  He  has  no 
idea  whether  the  road  could  or  could  not  be  carried  out  in  another 
location  and  perhaps  very  much  cheaper,  outside  of  the  reach  of  his 
limited  survey.  It  may  even  be  asserted  with  certainty,  that  by  his 
procedure  he  has  not  attained  the  result  that  might  have  been  attained. 
The  road,  as  nothing  better  is  known,  is  brought  to  construction,  and 
costs  much  more  than  it  would  cost,  if  its  location  had  previously  been 
properly  examined  on  the  maps  and  idiots,  step  by  step,  first  in  general 
and  then  in  detail  and  in  a  thorough  manner,  according  to  the  given 
rules. 

The  surveys  for  railroads  should,  therefore,  not  be  regarded  lightly, 
and  any  movement  toward  staking  out  a  suj)posed  practicable  line, 
without  previous  and  through  investigation  from  comprehensive  maps 
should  be  especially  guarded  against.  In  most  cases  success  in  find- 
ing the  location  which  is  the  most  practicable,  and  which,  when  con- 
structed, costs  comparatively  least,  does  not  follow  from  too  early  a 
location  in  the  field. 

The  cost  of  thoroughly  prepared  surveys  is  seldom  more  than  the 
cost  of  defective  surveys  which  rest  on  a  line  too  soon  located  in  the 
field,  and  the  difference  disappears  when  compared  with  the  amount 
which  is  saved  by  a  practicable  location  founded  on  good  surveys. 

There  may  be  very  simple  cases  in  which  one  can  proceed  directly 
from  the  general  study  to  the  field  location.  These  cases  are,  however, 
rare,  and  the  writer  would  advise  his  colleagues  to  do  a  little  extra 
work  in  the  thoroughness  of  the  surveys  rather  than  too  little.  Good 
surveys  pay  well  in  all  cases.  Most  dangerous  to  success  is  it,  how- 
ever, when  the  chief  engineer  undertakes  to  shorten  even  the  recon- 
naissance, and  before  making  the  latter,  if  such  is  possible,  endeavors 
to  lav  off  a  line  in  the  field. 
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A   NEW  METHOD   OF  CALCULATING  CROSS  SEC- 
TIONS OF  ROADS  AND  RAILROADS.* 


By  Fkancisco  Da  Silva  Ribeiro,  Director  of  Public  Works, 
Aveiro,  Portugal. 


Translated  from  the  French  by  Foster  CROWEiiL,  M.  Am.  Soc.  C.  E. 


Prepared  for  tlie  luternational  Engineering'  Congress  of  the 
Columbian  Exposition,  1893. 


In  the  calculation  of  cross-sections  of  roads  and  railroads  strict 
accuracy  is  an  impossibility,  whether  we  plot  them  and  determine  the 
areas  rigorously,  or  whether  we  obtain  the  areas  from  diagrams  j^re- 
pared  by  graphic  methods;  because  the  basis  of  the  calculation,  the 
shape  of  the  ground,  cannot  be  given  exactly,  owing  to  the  innumer- 
able deviations  in  the  outline  of  the  leveling. 

*  Note  to  the  English  reader  by  the  translator.— This  method  of  computing  cross  sectioDs  is 
only  applicable  to  measuremeuts  mide  with  the  cube  uuit;  in  cocnection  with  American 
ana  English  practice  it  would  be  necessary  to  have  the  diagram  verticals  at  intervals  of  1  yd. 
aud  the  scales  plotted  to  yards  and  decimals. 

Wherever  the  metrical  system  is  used  the  great  advantages  of  the  method  are  manifest. 
— F.  C. 

Note — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
w.ll  be  published  simultaneously  in  the  number  for  December.  1893. 
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Tlie  iDest  practice  is  therefore  the  most  expeditious  one  that  will 
give  us  a  sufficiently  close  approximation,  and  from  this  point  of  view 
our  system,  jiroved  by  long  experience,  appears  to  be  entirely  satis- 
factory. In  effect  our  diagrams  can  very  easily  be  drawn,  for  each  differ- 
ent width  of  roadbed  and  inclination  of  the  slopes,  so  as  to  furnish  by 
simple  readings  the  widths  for  the  expropriations  and  slope  distances, 
both  at  the  regular  stations  and  intermediately,  and  at  the  same  time 
the  partial  areas  the  sum  of  which  is  the  total  area  of  the  cross- 
section;  the  inclination  of  the  ground  may  be  regular  or  ii'regular. 
These,  then,  are  all  the  conditions  necessary  for  simj^licity  and  com- 
pleteness. 

The  plotting  of  the  diagram  is  accomijlished  in  the  following 
manner: 

Let  a  b  c  (Fig.  1)  be  any  half  cross-section,  divided  by  vertical 
lines  at  intervals  of  1  m.  and  intersected  by  the  center  line  of  the 
road. 


We  will  designate  by  aj a,  the  feet  of  the  verticals  intersect- 
ing the  platform  (formation  level),  and  by  b^ Jj  those  of  the 

verticals  which  cut  the  slope. 

In  general,  the  surface  line  determines  the  figure  of  the  rectangular 
trapezes  such  as  a^  u\  a'.,  a^;  the  pentagon  a^  c<'„  b\  b^  I;  the  trapezes, 
of  the  form  ^i  ^'i  ^'2  b  ,  and  the  triangle,  6,^  b' ^  c,  wherein  the  height  is 
less  than,  or  equal  to,  1  m. 

The  areas  of  the  rectangular  trajiezes,  whatever  may  be  the  surface- 
line,  are  obtained  correctly  by  means  of  the  median  lines  in  in';  so  that 
if  we  measure  by  scale  each  one  of  these  lines,  starting  from  zero  on 
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a  h,  we  may  obtuiu  the  total  area  a  cl  a'„  «„,  bj  adding  together  all  the 
readings  of  the  amounts  given  by  the  scale. 

The  pentagon  and  the  trapezes  on  the  slope  can  be  resolved  into 
two  jiarts,  one  of  which  is  a  rectangular  trapeze  ea'„b\  6,  or fh\  b'.yb.^, 
given  by  the  mid  height  n  n'  or  ?t,  n\.  It  now  remains  for  us  to  deter- 
mine the  areas  contained  in  the  trapeze  a,^  e  b^^b  and  in  the  triangles 
b^fb,  for  which  we  emijloy  an  apjiroximative  jjrocess. 
Considering  the  trapeze  let  us  assume — 

a  the  constant  side,  a,^  b  of  the  successive  trapezes  rt,j  b  h  g; 
X  the  variable  height,  a„  g  of  the  trapezes; 
A   their  surface; 
t    the  natural  tangent  of  the  slope-angle  from  the  horizontal ; 

We  have  n  h  =  a  +  —  and  it  follows : 

A= ^.^ 

or  .T"  -f-  2  a  ^  .r  =  2  J[  t. 

We  deduce  from  this  equation — 

X  =  Va-  t'  -\-2Ai  —  a  t. 
By  adopting  a  scale  of  -5-0  we  can  readily  estimate  to  ^tq  of  a  cubic 

meter.     It  will  suffice  now  for  us  to  substitute  ^  =  .1.2.3    

ujD  to  the  value— 

^-         2 
corresponding  to  ic  =  (1  —  a)  i. 

The  successive  values  of  A  are  to  be  laid  out  upon  the  median  line 
a  k,  the  jjoint  k  being  the  intersection  of  the  slope-line  with  the 
vertical  a,j  a\^. 

For  the  triangles  bi/b.,,  we  make  a^  oin  the  preceding  formula, 


and  obtain —  .r  =  -^/'I  A  t, 

and  the  limiting  values  of  A  and  of  x 

A  =^  -xt  and  x  =  t 

we  lay  out  these  values  on  the  median  lines  nj  6j. 

In  this  manner  wherever  the  surface-line  cuts  the  median  lines  71  k, 
«!  ft,,  we  take  for  the  areas  of  the  res^sective figui*es  the  numbers  inscri- 
bed upon  those  lines.     The  errors  are  insignificant. 
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We  vrill  next  examine  the  case  where  the  jilatforni  a  h  is  crossed  by 
the  surface-line. 


Fig.  2. 
Besides  the  areas  previously  considered  we  find  the  triangles 
a,  a'.,  o  and  02  '^'2  ^-  ^^  ^^J  admit  approximately  that  the  first  is  re- 
presented by  the  side  m  m'  shown  on  the  corresponding  scale,  and 
consider  the  second  null.  In  effect  the  greatest  amount  of  this  error 
is  when  the  jjoint  o  coincides  with  in;  this  applies  both  to  fill  and 
cut.     For  if  we  designate  by  i  the  surface  inclination,  we  find  in  this 

case — • 

Oj  a'2  =  .50  i 

and  triangle  0  a.^  a\  =  .25  x  .50  «  =  .125  i ;  a  negligible  quantity. 

We  have  now  the  necessary  elements  for  constructing  the  diagram. 

Upon  the  axis  of  the  road,  and  also  at  a  distance  of  10  m.  (by  scale) 
therefrom  (see  Fig.  3),  we  lay  out  the  scales  intended  for  the  ele- 
vations on  the  axis  and  the  inclination  of  the  ground.  The  line  of  the 
platform  (subgrade  line)  is  also  furnished  with  a  scale  for  the  ■widths 
of  the  expropriation.  The  slope  h  c  may  have  another  for  the  lengths 
as  regulated  or  as  they  may  occur. 

If  we  employ  quadrille  paper  (paper  ruled  in  squares)  this  last  scale 
mav  be  obtained  from  the  vertical  by  means  of  values  of  x  deduced 
from  the  equation — 


a? 

+  ?  = 

D-', 

B 

Vi  + 

1 

Finally  we  remark  that  the  section  of  the  ditch  for  draining  the  sur- 
face of  the  cut  is  given  by  diagram. 

The  diagram  (Fig.  3)  is  designed  for  a  roadway  of  6.6  m.  (21.05  ft.) 
in  width  between  ditches.     It  gives  the  surfaces  of  cut,  the  width  of 
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ditch  being  .9  m.  (3  ft.)  and  the  slope-angle  is  45^  (1  to  1);  the  surfaces 
of  the  fill  have  a  slope  of  |  of  height  for  1  of  base  (li  to  1).     The  verti- 
cal scale  is  twice  the  horizontal. 
Making  in  our  formula — 

a  =  .2  and  t  =^  1  for  the  cutting, 
a  =  .3  and  if  =  f  for  the  fill, 

•we    obtain   the   following  data  to  be  used  in  laying  out  the  median 
lines  : 


Values  of  X. 

Values  of  A. 

Cutting. 

Embankment. 

Trapeze. 

Triangle. 

Trapeze. 

Triangle. 

0.10 

0.290 

0.447 

0.216 

0.S6.5 

.20 

.463 

.632 

.3>4 

.516 

.30 

.«>00 

.775 

.463 

.032 

.303 

.467 

..133 

.067 

.40 

717 

.894 

.564 

.7.)4 

.48 

.8110 

.50 

.820 

l.OOO 

.664 

.834 

l.UO 

1  320 

2.000 

1.164 

1.334 

The  values  of  the  coefficient  of  the  length  of  the  slope  are- 


7 


1  + 


for  the  cutting. 


,  ~  =  0.7071 
V    2 


for  the  embankment . 


. .      /=  =  0.5547 
y  13 

In  order  to  avoid  having  the  scale  of  the  inclinations  encroach  upon 
the  slope  we  have  set  a  part  of  it  at  a  distance  of  20  m.  from  the  axis  ; 
the  plotting  apparently  doubles  the  respective  slopes  used  in  the 
diagram. 

The  readings  on  the  median  lines  may  be  made  by  stretching  a 
thread  with  pins  or  with  weights,  furnished  with  hooks  at  the  base. 
This  method  enables  us  to  calculate  as  many  as  200  cross-sections  in  a 
day. 
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Evolution  of  the  Railroad  Gauge. — Many  text  books,  pamphlets  and 
engineering  pajiers  contain  a  bountiful  supply  of  scientific  discussions, 
based  only  partly  on  practical  experience,  on  the  selection  of  the 
gauge  which  generally  exercises  a  determining  influence  on  the  con- 
struction and  running  expenses  as  well  as  on  nearly  all  jiroijortions  of  a 
railroad.     It  is,  however,  somewhat  difficult  to  obtain  from  the  existing 

*  Ex-Technical  Director  and  Member  of  the  Board  of  Directors  of  the  I.  K.  Lemberg- 
Czernowitz-Jassy  Railroad  Company;  President  of  tbe  Bukowina  Local  Bailroads;  Vice- 
President  of  the  Kolomeaer  Local  Railroads;  M&mber  of  the  Board  of  Directors  of  the  Lem- 
Derg-Belzec  (Tomaszoiv)  Railroad  and  of  the  I.  R.  Ostrau-Friedland  Railroad. 

Note.— Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December.  1893. 
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material  the  miclens  of  the  considerations  at  issue,  especially  as  re- 
gards the  newer  creations,  the  narrow-gauge  railroads,  and  thus  find 
new  points  of  view  for  this  most  important  subject. 

Before  approaching  this  question  more  closely,  which  is  not  only 
purely  technical,  Ijut  essentially  an  economic  one,  the  "OTiter  may  he 
permitted  to  present  a  histoi-ic  retrospect  on  the  evolution  of  the 
railroad  gauge. 

The  selection  of  the  gauge  of  4  ft.  8^  ins.  (1.435  m.),  measured  be- 
tween heads  of  rails,  which  George  Stei^henson  took  in  1825  for  the 
first  locomotive,  built  at  his  Newcastle  shop,  for  the  first  public  rail- 
road from  Stockton  to  Darlington,*  and  in  1830,  for  the  railroad  from 
Manchester  to  Liverpool,!  is  not  the  result  of  technical  considerations, 
but  is  only  the  adoption  for  railroad  purposes  of  the  gauge  customary 
for  road  wagons  in  North  England;  it  was  accidental. 

This  gauge,  sometimes  wrongly  named  "  German  gauge, "  oi'iginated, 
therefore,  in  England.  It  was  introduced  as  "Stephenson's  gauge" 
into  most  Etiropean  countries,  and  became  international  in  1886,  at  the 
international  conference  for  technical  units  in  railroads.  It  is  desig- 
nated as  "  standard  "  or  "full  gauge."  In  1846  it  had  already  been 
ordered,  by  Act  of  Parliament,  for  all  English  railroads  then  under 
construction  or  to  be  thereafter  constructed,  except  for  those  in  the 
counties  of  Cornwall,  Devon,  Dorset  and  Somerset. 

It  has  been  recognized  that  this  gauge  is  more  in  accordance  with 
the  ordinary  demands  of  freight  traffic  because  with  its  use  the  load- 
ing capacity  of  the  freight  cars,  conditional  on  the  gauge  to  a  certain 
degree,  corresponds  better  to  the  customs  of  commerce  than  ^ith  the 
7-ft.  (2.134-m.j  gauge.  The  latter  was  introduced  by  Isambard  Bru- 
nei, J  on  the  London-Bristol  division  of  the  Great  Western  Railway  in 
1836.  The  origin  of  the  difierent  gauges  of  Great  Britain  is  due  to 
the  fact  that  engineers  have  partly  followed  Stephenson's  example, 
and  partly  that  of  Brunei.  "With  the  primitive  status  of  the  track 
and    rolling    stock    of    those     days,    the     broadest     possible     basis 

*  September  27th,  1828,  must  be  regarded  as  the  birthday  of  the  present  railroad  system, 
when  the  first  passenger  train  was  drawn  by  a  locomotive  over  the  railroad  from  Stockton  to 
Darlington,  41  km.  long,  at  a  speed  of  10  km.  per  hour.  This  road  had,  however,  been  in 
use  since  1825,  but  until  that  day  bad  been  used  for  the  transport  of  coal  and  ore  only,  the 
same  as  the  other  railways  of  that  time,  which  were  mostly  operated  by  horses. 

t  This  was  the  first  railroad  built  from  the  start  for  a  general  passenger  and  freight 
traffic.    It  was  opened  on  September  15th,  1830. 

t  Dr.  Boll's  Encyclopadie  d.  ges.  Eisenbahnwesens  (Biographie  Brunei),  II  Band,  1890. 
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seemed  necessary  for  stability,  as  it  was  supposed  that  the  stability  of 
the  car  aud  the  speed  attainable  would  increase  with  the  angle  of 
stability,  viz.,  the  angle  formed  by  lines  drawn  from  the  center  of 
gravity  of  the  car  to  the  heads  of  both  rails.  This  consideration  may 
be  regarded  as  outgrown  by  the  present  high  development  of  iron 
construction  and  manufacture.  The  scope  of  the  mistake  of  having 
taken  several  gauges  was,  however,  not  realized,  imtil  the  railroads 
with  varying  gauges  were  so  enlarged  as  to  join  each  other.  Then  it 
became  evident  that  diiferences  of  gauge  rendered  the  uniform  opera- 
tion of  such  a  system  of  railroads  entirely  impossible  and  entailed  such 
disadvantages  as  to  compel  the  adoption  of  a  standard  gauge. 

The  Development  of  Gauges  in  Different  Countries. — In  sj^ite  of  this, 
there  were  in  use  until  recently,  in  England  and  Wales,  the  following 
different  gauges  besides  the  standard  gauge,  viz. :  1  ft.  Hi  ins.  [(0.597  m.) 
Festiniog  and  North  Wales  Railway],  3  ft.  (0.914  m.),  Sjft.  (1.070  m.) 
and  4  ft.  (1.220  m. );  in  Scotland,  4  ft.  (1.220  m.),  4  ft.  7j  ins.  (1.416  m.), 
and  4  ft.  7f  ins.  (1.413  m.);  in  Ireland,  3  ft.  (0.914  m.),  4  ft.  8  ins. 
(1.422  m.),  and  5  ft.  3  ins.  (1.600  m.).  It  must  be  mentioned,  however, 
that  these  different  gauges  are  in  operation  only  on  secondary  aud 
tramcar  lines  and  on  industrial  railways.  The  Great  Western  Railway 
has  entirely  abandoned  the  broad  7-ft.  (2.134-m.)  gauge,  by  changing  to 
standard  gauge,  in  May,  1892,  its  last  broad-gauged  division  from 
Exeter  to  Falmouth,  270  km.  This  feat  was  accomplished  by  5  000 
workmen  in  31  hours,  including  a  Sunday,  so  that  there  was  little  in- 
terruption in  the  operation  of  the  road.  The  narrow-gauge  railroads 
in  the  large  shops  at  Crewe  and  Chatham  with  a  gauge  of  1  ft.  6  ins. 
(0.460  m.)  may  also  be  cited,  and,  as  a  curiosity,  the  transportation 
road  of  the  iron  works  of  the  Furness-Abbey  Company,  which  has  a 
miniature  gauge  of  only  8  ins. 

For  Ireland  the  gauge  was  fixed  at  5  ft.  3  in.  (1.6  m.). 

France  adopted  a  standard  gauge  in  1828,  and  the  majority  of  its 
railroads  have  been  built  with  a  gauge  of  1.5  m.  between  rail  centers. 
This  is  a  very  inconsiderable  deviation  from  normal  gauge,  as  the 
gauge  will  vary  between  1.44  and  1.45  m.,  according  to  the  width  of 
rail  heads.  At  present,  a  clearance  of  1.44  m.  between  rail-heads  is 
exacted.  The  movement  to  make  narrow-gauge  roads  acknowledged 
members  of  the  European  railway  system  dates  from  the  year  1851, 
but  the  narrow  gauge  was  first  used  by  the  engineer  Sartiaux,  in  1874, 
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on  the  passenger  and  freight  railroad  from  Neuilly-en-Thelle  to  Beau- 
mont. This  line  contributed  largely  to  the  development  of  the  1-m. 
gauge  railroads,  thanks  to  the  energy  of  Civil  Engineer  Level.* 

Narrow  gauge  was  not  used  on  a  main  line  [chemin  defer  intertt 
general)  before  1885,  when  it  was  taken  for  the  railroad  from  Chateau- 
meillante  la  Guerche  to  Sancoins  la  Peyrouse.  The  law  of  1880  did 
not  fix  the  gauge,  but  discriminated  between  railways  over  which  the 
rolling  stock  of  the  trunk  Knes  could  or  could  not  pass. 

The  specifications  for  railways,  however,  provide  for  gauges  of  1  m. 
and  of  0.75  m.,  in  addition  to  standard  gauge,  and  thus  enable  the 
roads  to  obtain  different  gauges  suitable  to  difierent  demands.  The 
above  i-egulation  was  suspended  in  1891,  and,  besides  standard  gauge, 
only  gauges  of  1  m.  and  of  0.6  m.  were  declared  admissible.  The 
latter  has  been  recently  chosen  for  secondary  {chemins  defer  inferet 
local)  and  for  strategic  railways.  Very  recently  (August,  1892)  the 
0.8-m.  gauge  was  chosen  for  the  secondary  railroads  of  the  Depart- 
ment of  the  Ardennes.  The  industrial  railways  also  use  gauges  of 
0.5  m.  and  upward  ;  finally,  the  Lartigue  system,  a  one-rail  railroad, 
consequently  a  road  without  any  gauge,  should  be  mentioned.  A 
charter  has  been  given  for  a  railway  on  this  system  from  Fleurs  to  La 
Panissiere,  17  km. ,  and  the  right  of  eminent  domain  was  declared  for  it. 

The  Franco-Algerian  Railway  had  adopted  the  gauge  of  1.055  m.  in 
1872;  but,  since  1877,  the  1-m.  gauge  has  been  in  exclusive  use  in 
Algiers.  In  1861  the  French  Government  had  ordered  an  "  enquete/^ 
which  should  furnish  a  strong  stimulus  to  the  building  of  secondary 
railroads.  Considerable  merit  is  due  to  Eugen  Flachat,t  one  of  the 
most  prominent  members  of  the  commission,  who  advocated  the  use 
of  narrow-gauge  roads. 

Italy  has  generally  introduced  the  standard  gauge  of  1.445  m.,  the 
same  as  France,  but  uses  also  gauges  of  0.95,  0.85,  0.8  m.,  and  of  0.75  m. 
for  the  secondary  railroad  Agropoli-Niercato-Cilezito  (Salerno).  The 
first  railway  was  opened  in  1839.  The  industrial  railroads  and  steam- 
tramroads  have  gauges  of  0.70,  0.95,  1.0,  1.1  and  1.5  m.  besides  the  jsre- 
vailing  standard  gauge.  The  St.  Leon  Railway  in  Sardinia  was  given 
the  gauge  of  0. 76  m.  in  1865  ;  besides  this,  the  gauges  of  0. 85  and  0. 95 
m.  are  found.     The  narrow-gauge  Sicilian  railroads  use  the  0.95-m. 

*  Chemin  de  fer  interet  local  de  Neuilly  a  Beaumont,  Sartiaux,  1874. 
1  Dr.  Roll's  Encyclopadie  d.  ges.  Eiseabahuwesens,  IV  Band,  1892. 
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gauge.  Tho  Secretary  of  Public  Works,  Finali,  declared,  iu  1891, 
iu  iutroduciug  a  law  for  secondary  railways  into  Congress,  that  tho 
above  "  enquete'"  liad  uu(iualifiedly  given  as  its  opinion,  that  the  1-m, 
gauge  had  to  be  considered  an  extreme  upper  limit  for  secondary  rail- 
roads. 

In  Belgium  the  first  railroad  was  opened  for  public  traflSc  in  1835. 
Standard  gauge  predominates,  but  the  1-m.  gauge  has  been  adopted 
for  the  local  railroads,  except  those  joining  Dutch  secondary  railroads 
with  a  1.067-m.  gauge  and  the  railway  from  Antwerp  to  Ghent,  with  a 
gauge  of  1. 150  m. 

In  Germany  the  first  railroad,  from  Niirnberg  to  Fiirth  in  1835,  and 
the  Leipzig-Dresden  Railway,  were  built  at  once  to  normal  gauge, 
which  has  since  been  adopted  for  all  German  main  railroads.  The 
Mannheim -Basel  Eailway  in  Baden  used  alone  the  Irish  gauge  of  5^ 
ft.  (1.60  m.),  but  altered  it  to  standard  gauge  from  urgent  considera- 
tions of  traffic  ;  this  was  done  from  1854  to  1855.  The  first  railroad 
with  all  the  characteristics  of  a  secondary  road  in  its  construction  and 
operation  was  the  Brohlthal  Eailroad  in  the  Ehine  province,  33.6  km., 
built  in  1862,  with  a  gauge  of  0.785  m.  It  was  followed  by  the  Gerhard 
Prinz  Wilhelm  coal  railroad,  4  km.,  0.725-m.  gauge,  opened  in  1863, 
and  by  the  Ocholt-Westerstede  Railway  in  Oldenburg,  0.750-m.  gauge. 
In  1878,  the  agricultural  railroads  were  introduced  with  1-m.  gauge. 

It  was  reserved  for  the  Secretary  of  State,  Baron  von  Konneritz, 
and  for  Privy  Councillor  von  Kopke  to  build  narrow-gauge  (0.75  m.) 
roads  in  Saxony  to  a  greater  extent,  in  a  length  of  199.36  km.  Most 
recently,  also,  other  German  States  show  a  movement  in  favor  of  the 
gauges  of  0. 75  and  0. 60  m.  Besides  these  gauges,  those  of  1. 00,  0. 90  and 
0.785  m.  are  used  by  secondary  railroads,  and  the  gauges  of  1.00,  0.95, 
0.90,  0.85,  0.79,  0.785,  0.78,  0.75,  0.73,  0.70,  0.68,  0.66,  0.65,  0.60,  0.58 
and  0.54  m.  are  found  in  use  on  mining,  industrial,  agricultural  and 
forestry  railways.  The  German  Railway  Union  has  recommended  the 
gauges  of  1.00  and  0.74  m.  for  narrow-gauge  roads  in  establishing  the 
principles  for  the  construction  and  operation  of  local  railroads,  and  in 
the  code  of  rules  for  German  railways  of  minor  importance.  Excep- 
tions are  admissible  only  ^vith  authorization  of  the  Government,  under 
concurrence  of  the  Imperial  Railway  Commission.  ,  Especial  mention 
should  be  made  of  the  Prussian  law  of  July,  1892,  for  "Small  Rail- 
roads "  and  private  feeders  and  the  issue  of  specifications  of  November 
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1892,  whicli  permit  only  the  gauges  of  1.00,  0.75  and  0.60  m.  besides  the 
standard  gauge  for  all  railroads  operated  by  engines. 

In  ScMeswig-Holstein  the  main  lines  use  standard  gauge,  the 
secondary  roads  have  1.00  and  0.88  m.  gauge. 

In  Austria,  the  charter  for  the  first  railroad,  from  Linz  to  Budweis, 
was  granted  in  1824.  It  was  opened  jsartly  September  30th,  1828; 
was  completed  August  1st,  1832;  and  was  originally  operated  by 
horses.  This  line  was  followed  by  the  Linz-Gmiinden  Railroad, 
opened  May  1st,  1836;  its  division,  Lambach-Gmiinden,  was  changed 
for  operation  by  locomotives  in  1854;  while  the  Linz-Lambach  division 
was  abandoned  in  1859.  The  Lambach-Gmiinden  Railroad  was  there- 
fore the  first  narrow-gauge  road  with  a  gauge  of  3  ft.  7^  ins.  (1.106  m.). 

Later  roads  were  all  built  to  standard  gauge,  and  only  the  Bosnian 
camj)aign  opened  a  larger  field  to  the  0.76-m.  gauge  and  brought  it 
into  use  for  main  lines,  thanks  to  the  War  Department  and  to  the 
Secretary  of  the  Treasury,  von  Kallay.  At  jsresent,  in  Bosnia  and  in 
the  Herzegovina,  the  Doberlin-Banjaluka  Railroad,  101.5  km.,  con- 
structed by  the  Turkish  government,  and  the  junction  road  from 
Bosnian  to  Slavonian  Brood,  are  built  to  standard  gauge;  the  Bosna 
Railroad  and  the  Bosnian-Herzegovinian  State  Railroad,  with  their 
adjoining  transportation  and  industrial  roads,  in  an  aggregate  length 
of  435  km. ,  use  the  0. 76-m.  gauge.  Gauges  of  0. 550,  0. 700  and  0. 865  m. 
are  also  in  use  on  transport  and  mining  railways. 

In  1888-89  charters  were  given  to  the  following  local  railroads:  the 
Mori-Arco-Riva  Railroad,  the  Salzkammergut  Railroad  and  the  Steyr- 
thal  Raib-oad;  they  have  a  gauge  of  0.76  m.  and  are  now  being  suc- 
cessfully operated.  The  Styrian  State  local  railroads,  0.76-m.  gauge, 
were  granted  charters  in  1890-91  and  are  now  jjartly  under  construc- 
tion, i^artly  in  operation.  Other  local  railroads  have  been  built  with 
1.0-m.  and  standard  gauge. 

In  Hungary  the  principal  roads  have  been  built  to  standard  gauge; 
for  local  railroads,  the  gauges  of  1.00,  0.95,  0.80,  0.79,  0.76  and  0.75  m. 
aje  used  besides  standard  gauge,  the  smaller  gauges  being  mainly 
taken  for  coal  and  mining  roads.  The  first  0.60-m.  gauge  road  was 
the  private  cattle  railroad  from  Berzowa  to  Lalasincze,  3.5  km.,  built 
in  1886. 

Russia  uses  (the  standard-gauge  roads  west  of  the  Vistula  ex- 
cepted) a  gauge  of  1.524  m.,  which  is  at  variance  with  all  other  great 
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European  railway  systems;  this  is  also  tlue  to  chance.  The  builder 
of  the  tirst  Russian  railway,  from  St.  Petersburg  to  Zarskoe-Selo,  the 
Austrian  professor,  Franz  Anton  Bitter  von  Gerstner*,  in  1837,  chose 
the  gauge  of  1.820  m.,  so  as  to  construct  powerful  locomotives,  oscil- 
lating little  at  high  speeds,  and  to  obtain  a  more  favorable  proportion 
between  effective  and  dead  load.  The  American  engineer,  Major 
Whistler,  called  as  expert  consulting  engineer  for  later  Russian  rail- 
ways, selected,  however,  the  gauge  of  5  ft.  (1.524  m.),  and  this  has  re- 
mained the  Russian  gauge,  and  has  also  been  adopted  for  the  railways 
of  Finland.  On  some  roads  of  minor  importance  the  3  ft.  -6  in.  gauge 
(1.067  m.)  has  been  introduced,  and  for  feeders  of  main  lines,  over 
which  the  rolling  stock  of  the  latter  cannot  j^ass,  the  standards  of  the 
Russian  government,  June,  1892,  fix  a  gauge  of  1  ft.  11^  ins.  (0.60  m.). 

Holland  had  adopted  standard  gauge  for  the  Amsterdam-Haarlem 
Railroad  in  1839;  later,  the  broad  gauge  of  1.93  m.  was  originated  on 
the  Amsterdam-Hague-Rotterdam  Railroad  from  causes  not  evident, 
but  it  has  been  removed  since.  Besides  standard  gauge,  the  gauges  of 
0.750,  1,  1.067  and  1.750  m. ,  are  in  use  on  local  and  street  railroads 
[lokaal  spoorwegen). 

On  the  Dutch  dependency,  Java,  the  first  railroad  from  Samarang, 
built  in  1862,  uses  standard  gauge  as  the  exception  only.  The  other 
railroads  of  Java  have  a  3  ft. -6  in.  gauge  (1.067  m.),  which  is  there  con- 
sidered as  "standard  gauge." 

Luxemburg  uses  standard  and  1-m.  gauge. 

Switzerland  has  adopted  standard  gauge  and  opened  its  first  raO- 
road  in  1844;  on  the  mountain  (rack  and  cable)  and  on  tramcar  roads, 
the  gauges  of  0.75,  0.80  and  1  m.  are  predominant. 

Spain  uses  the  standard  gauge  on  a  majority  of  its  roads,  but  there 
still  exists  the  Spanish  gauge  of  5  ft.  6  ins.  (1. 776  m.),  called  "  -wide  "  or 
"broad"  gauge,  in  contradistinction  to  narrow  and  standard  gauge. 
Very  recently,  narrow-gauge  roads  have  been  built  with  1-m.  gauge. 
The  first  railroad  was  constructed  in  1844. 

Portugal  opened  the  first  railroad  for  j^ublic  traffic  in  1854  with  a 
gauge  of  5  ft.  6  ins.  (1.676  m.).  Later,  roads  were  built  also  with 
gauges  of  1  and  0.90  m. 

In  Scandinavia,  narrow  gauge  has  found  entrance  on  some  principal 
railroads  and  is  preponderating. 

*  Dr.  Eolls  Encycl.  d.  ges.  Eisenbahuwesens,  IV  Baud,  1892.    Biographie  Gerstner. 
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In  Sweden  and  in  Norway  the  first  railways  were  opened  in  1851 
and  in  1854  respectively.  In  Sweden,  standard  and  0.891-m.  gauges 
have  been  generally  used;  besides  these,  gauges  are  found  of  0.802, 
1.067,  1.093,  1.188  and  1.217  m.  During  the  last  years,  more  than  300 
miles  of  secondary  roads  of  0.6-m.  gauge  have  been  built  on  the  system 
of  Civil  Engineer  A.  F.  Hummel.* 

Greece  has  been  one  of  the  later  European  States  in  railroad  con- 
struction. Its  first  line,  Athens  to  Piraus,  opened  in  1869,  was 
standard  gauge.  For  the  Thessalian  railway  system  and  for  the  Attic 
Railroad,  though  main  traffic  routes,  1.0-m.  gauge  has  been  selected 
for  economic  reasons;  these  roads  are  partly  under  construction,  partly 
projected  only.  The  line  from  Diakophto  to  Kalarryta  has  0.75-m. 
gauge. 

Denmark  uses  standard  gauge;  its  first  road  was  opened  in  1847. 

Eoumania  opened  the  fii'st  line  in  1870  and  has  standard  gauge 
exclusively. 

Servia  has  been  one  of  the  last  countries  to  undertake  the  building 
of  railways;  it  has  adopted  standard  gauge,  the  first  line  having  been 
opened  in  1884. 

Bulgaria.  First  railway  was  opened  in  1866;  all  roads  are  built  to 
standard  gauge. 

European  Turkey  completed  its  first  railroad  in  1860  and  has 
adopted  standard  gauge. 

The  first  railroads  built  in  the  United  States  of  North  America,  in 
1827,  and  in  Canada,  in  1840,  had  taken  standard  gauge,  because  the 
first  locomotives  were  brought  over  from  England.  When,  however, 
Brunei  and  his  partisans  called  attention  to  the  advantages  of  a 
broader  gauge  regarding  an  easier  construction  of  the  engines  and  a 
greater  stability  of  the  trains,  standard  gauge  appeared  to  be  too 
small,  and  the  New  York  and  Erie  Railroad,  the  Canadian  Trunk  Line 
and  the  Ohio  and  Missisipi^i  Railroad  chose  the  6-ft.  (1.829-m.)  gauge,  f 

Other  roads  also  have  used  gauges  of  5  ft.  (1.525  m.),  4  ft.  8  J  ins. 
(1.435  m.),  5  ft.  6  ins.  (1.676  m.)  and  4  ft.  10  ins.  (1.473  m.),  without 
going  to  the  above  extreme.     Besides  these,  gauges   of   1.449,  1.068, 

*  Wochenschr.  d.  ost.  Ing.  u.  Arch.  Yer.,  No.  2  nnd  3,  1891. 

t  The  Grand  TruDk  Line,  in  Canada,  in  1873,  altered  its  system  from  broad  to  standard 
gange  in  one  day.  A  similar  feat  was  performed  by  the  Southern  railroads  of  the  United 
States,  which  changed  their  lines  from  a  1.525-m.  gange  to  i  ft.  9  ins.,  almost  identical  with 
standard  gauge.  This  alteration  was  perfected  on  a  length  of  roads  of  18  500  km.  in  the. 
days  from  May  Slst  to  June  2d,  1886, 


ZIFFER  ON  THE   GAUGES  OF  RAILROAD  TRACK.  461 

0.915  and  0.7G3  m.  exist.  On  tlie  Southern  roads  the  gauge  of  5  ft. 
(1.525  m.)  was  predominant. 

But  the  necessity  of  a  uniform  gauge  soon  became  evident.  Many- 
roads  were  built  to  standard  gauge,  and  finally  a  compromise  gauge  of 
4  ft.  9  ins.  (1.448  m.)  was  agreed  upon  for  economic  reasons.  Extensive 
systems  were  altered  to  conform  to  it.  This  dimension  does  not  tally 
exactly  with  standard  gauge,  but  the  small  difference  is  not  considered 
an  obstacle  to  through  traffic. 

After  standard  gauge  had  superseded  broad  gauge  in  the  United 
States,  it  began  the  contest  for  superiority  with  narrow  gauge.  In 
1871  the  report  of  the  legislative  committee  recommended  the  latter 
in  the  following  words :  "Where  industrial  railroads  alone  are  ijossible, 
the  adoption  of  narrow  gauge  permits  the  outlay  to  be  cut  down 
about  one-half,  without  decreasing  the  requisite  efficiency." 

R.  F.  Fairlie*  declared  before  the  British  Railway  Union  in  Liver- 
pool in  1870:  "Every  inch  added  to  the  absolutely  necessary  width  of 
the  gauge  increases  the  cost  of  construction,  the  proportion  of  dead 
load  and  the  cost  of  passenger  traffic.  It  conseqently  necessitates  a 
higher  tariff  and  diminishes  the  benefits  of  the  road." 

It  must,  however,  be  said  that  recently,  since  the  introduction  of 
trucks  into  the  rolling  stock,  a  movement  in  the  opposite  direction 
makes  itself  felt.  The  trucks  allow  curves  to  be  passed,  even  of 
27-m.  radius  without  difficulty,  as  on  the  Manhattan  Elevated  Rail- 
road in  New  York,  and  thus  remove  a  principal  argument  in  favor 
of  the  narrow  gauge,  viz. ,  that  it  accommodated  itself  more  easily  to 
the  formation  of  the  country,  f 

Memorable  is  the  0.25-m.  gauge  of  the  line  from  Bedford,  Mass.,  to 
North  Billerica,  14  km.  long. 

In  the  Argentine  Republic  the  first  railroad  was  opened  in  1857,  in 
Chile  in  1852,  and  in  Peru  in  1851 ;  these  roads  were  standard  gauge 
and  gauges  of  5  ft.  6  ins.  (1.676  m.),  1  m.  and  0.763  m. 

In  Bolivia,  the  first  railway  was  opened  in  1873  ;  the  line  from 
Antofagasta  to  Uyuni,  615  km.,  has  been  built  to  0.76-m.  gauge. 

The  first  Brazilian  railroads,  completed  in  1854,  have  a  5  ft. -3  in. 
gauge.  Most  roads  use  1-m.  gauge,  however,  which  has  also  been 
taken  for  the  Transandine  Railway.  Gauges  of  1.40,  1.20,  0.95  and 
0.60  m.  are  also  in  use. 

*  Dr.  Rail's  Encycl.  d.  ges.  Eiseubahuwesens,  III  BanU,  1891,  und  IV  Band,  1892. 
t  Annales  des  Fonts  et  Chaussees,  Aoflt,  1892.    Uniformite  de  largeur  des  voies  ferrees  aux 
Etats-Unis,  par  H.  Rousseau. 
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In  Venezuela,  a  0.92-m.  gauge  has  been  built  recently. 

In  Asia,  the  first  railroads  were  built  in  the  East  Indies  in  1853 
with  a  5  ft. -6  in.  (1.676  m.)  gauge,  recommended  by  Simms.  This  gauge 
is  called  "  Indian  broad  gauge  "  and  is  still  prevalent.  There  are  other 
roads  with  gauges  of  4  ft.  (1.219  m.),  3  ft.  8i  ins.  (1  m.),  2  ft.  6  ms. 
(0.762  m.),  and  2  ft.  (0.610  m.)  ;  the  last  on  the  line  from  lUigori  to 
Darjeeling.  The  gauges  of  4  ft.,  2  ft.  6  ins.  and  2  ft.  were  chosen 
in  each  case  for  special  reasons,  and  therefore  need  not  be  taken 
into  consideration,  so  that  only  the  1.676  and  1  m.  gauges  remain  as 
reijresentative.  The  Indian  government  seems,  however,  to  favor  the 
broader  gauge,  which  is  to  be  used  in  building  the  system  of  the 
Bengal-Nagpur  Railway,  the  Madras-Calcutta  Eailway,  the  line  from 
Kurrachee  to  Delhi,  and  the  strategic  railroad  to  Afghanistan  and 
to  Beloochistan. 

In  Asiatic  Turkey  the  Ardin  and  the  Cassaba  Eailroads,  the  line 
from  Mersina  to  Adana  and  the  Anatolian  railways  have  been  con- 
structed with  standard  gauge.  For  the  Jaflfa-Jerusalem  Railroad  the 
1-m.  gauge  has  been  chosen,  which  will  also  be  used  on  the  proposed 
lines  Mudassia-Brussa  and  Saint  Jean  d"Acre-Damascus. 

The  first  railroad  in  China,  8  km.,  built  by  the  English  from 
Shanghai  to  Kangwan,  was  given  a  2  ft. -6  in.  (0.76-m.)  gauge.  The 
same  is  used  on  numerous  mining  roads  in  Peru,  leading  from  the 
interior  to  the  ports. 

In  Japan,  the  first  railroad  was  constructed  in  1872,  and  there  are 
at  present  about  3  000  km.  of  railroads,  all  with  a  3  ft. -6  in.  gauge. 

In  Africa,  the  first  road  was  built  in  Egypt,  in  1856,  with  standard 
gauge.  Gauges  of  5  ft.  6  ins.  (1.676  m.)  and  3  ft.  3f  ins.  (Im.)  are 
also  in  operation.  The  narrow-gauge  road  from  Port  Said  to  Ismaila, 
built  by  the  Suez  Canal  Company,  to  join  the  Egyptian  main  line  at 
Ismaila,  has  a  0. 750-m.  gauge.  It  will  l)e  opened  shortly  for  i^assenger, 
baggage  and  express  freight  traffic ;  other  freight  is  excluded.  The 
Congo  Railroad  will  also  have  the  0.760-m.  gauge. 

In  Australia,  we  find  three  different  gauges  ;  4  ft.  8^  ins.  (1.435  m.) 
in  New  South  Wales  ;  5  ft.  3  ins.  in  Victoria  and  partly  in  South 
Australia  (railroads  opened  in  1854);  3  ft.  6  ins.  (1.067  m.)  in  Queens- 
land, opened  in  1865  ;  in  New  Zealand  in  1863;  in  West  Australia  and 
partly  in  South  Australia,  opened  in  1854.  Among  them,  the  4  ft.  -8^  in. 
gauge  is  predominant. 
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It  cannot  be  doubted,  however,  that  the  disadvantages  resulting 
from  the  diflference  in  gauges  for  international  traffic  and  military  pur- 
poses will  lead  also  in  that  country  to  the  adoption  of  a  uniform  gauge. 
Total  Length  of  Operated  Railroads  and  Amount  of  Invested  Capital. — 
At  the  close  of  1890,  the  total  length  of  railroads  in  operation  on  the 
earth,  according  to  the  statistics,  was  617  265  km.  They  are  divided 
between  the  continents  as  follows  : 

America 331  417  km.  =  54% 

Europe 223  869     "      =36% 

Asia 33  724     "     =     5.5% 

Australia 18  869     "     =     3% 

Africa 9  386     "     =     1.5% 

On  these  roads — 

Standard  gauge  is  used  by 74% 

Broad  "  "  12% 

Narrow  "  "  14% 

The  total  cajjital  invested  in  raili-oads  was,  at  the  end  of  1890, 
131  000  million  marks,  or  an  average  of  212  100  marks  per  kilometer. 

Beginnitig  of  the  Movement  in  Favor  of  Narrow  Gauge. — The  move- 
ment In  favor  of  narrow  gauge  began  in  reality  only  in  1869,  after 
attention  had  been  called  to  the  great  importance  and  value  of  nar- 
row-gauge roads  at  the  meeting  of  German  architects  and  engineers 
in  1868.  Until  then,  main  lines  had  been  built  almost  exclusively; 
these  had  to  cari'v  a  large  traffic  and  had  to  be  constructed  as  per- 
fectly as  possible.  Only  towards  the  end  of  the  eighties  the  building 
of  roads  of  inferior  importance  was  begun  on  a  larger  scale,  to  accom- 
modate minor  traffic.  On  these  roads,  called  "railroads  of  second 
order,"  it  became  possible  to  materially  reduce  the  requirements  of 
main  lines  regarding  construction  and  ojjeration.  But  even  the  i-elief 
accorded  to  these  roads  of  "second  order"  did  not  suffice  to  make 
them  interest-beai'ing.  The  outlay  for  construction  and  operation  is 
still  too  high  and  generally  renders  their  earning  capacity  entirely 
insufficient. 

Necessity  for  the  Introduction  of  Secondary  Railroads  with  Simple  Con- 
struction and  Cheap  Operation. — It  has  become  necessary  to  develop  a 
still  more  simple  mode  of  construction  for  these  railroads  and  for  their 
*  Archiv  f.  Eisenbahnw.,  3.    Heft,  1892. 
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rolling  stock,  and  to  adopt  a  less  elaborate  system  of  operation,  in 
order  to  best  meet  possible  local  demands  and  to  assist  the  different 
branches  of  industry.  The  object  has  been  attained  generally  only  by 
introducing  narrow-gauge  roads  (local,  secondary,  vicinal*  railroads), 
which  may  be  classified  as  "  railroads  of  the  third  order."  Determin- 
ing principles  for  such  roads  are  the  following  :  economical  construc- 
tion ;  the  utmost  flexibility  and  freedom  in  the  arranging  of  tariflfs  ; 
a  curtailment  of  the  jurisdiction  of  the  Government  as  to  j^iiblic 
interests,  esi^ecially  regarding  regulations  of  safety  and  jjrecaution, 
as  well  as  a  simple  system  of  operation  and  greatest  possible  inde- 
pendence. At  the  head  of  such  enterjirises  must  be  placed  men  of 
purpose  and  experience,  well  acquainted  with  the  economic  and  com- 
mercial condition  of  the  districts  in  question,  and  in  close  touch  with 
the  people  interested  in  the  roads,  which  must  be  adapted  as  closely 
as  possible  to  the  requirements  of  local  traffic.  The  above  data  and 
deductions  show  what  a  chaos  still  exists  in  the  dimensions  of  the 
gauge,  and  prove  how  important  it  would  be,  especially  for  narrow- 
gauge  roads,  to  agree  on  certain  definite  gauges. 

Based  on  the  existence  of  such  a  necessity,  the  writer  will  now  j^ro- 
ceed  to  the  discussion  of  the  question  at  issue,  of  the  advantages  and 
disadvantages  of  the  narrow  gauges,  as  its  proper  selection  must  be 
considered  as  a  fundamental  condition  for  economy  in  constructing 
and  operating  railroads  of  minor  importance. 

Advantages  of  Narrow-Gauge  Roads  in  General. — Authorities,  who 
for  many  years  have  occupied  themselves  with  the  construction  and 
operation  of  narrow-gauge  roads,  regard  as  their  advantages  : 

I. — Savings  in  construction. 

H. — Savings  in  the  purchase  of  rolling  stock. 

m. — Savings  in  operation. 

Disadvantages  of  Narrow-Gauge  Roads  in  General. — On  the  other 
side,  some  not  entirely  unprejudiced  experts  consider  as  supposed 
disadvantages,  or  at  least  as  objections  : 

I. — That  the  secondary  roads  are  of  smaller  capacity,  able  to  ac- 
commodate only  a  light  and  limited  traffic,  and  consequently  of  little 
value  for  the  purposes  of  the  War  Department. 

H. — That  their  operation  is  comjiaratively  dear,  and  that  the  trans- 
portation of  animals  is  impossible. 

*  Railroads  built  on  the  vicinal  roads  (country  highways). 
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m. — That  the  diflference  of  gauge  entails  many  inconveniences  at 
the  junction  stations. 

Arguments  on  Narrow-Gauge  Roads  from  the  Standpoint  of  the  Requisite 
Capital  and  of  the  Quality  of  Traffic. — Before  discussing  the  above  advan- 
tages and  disadvantages,  the  writer  must  emphasize  that,  in  his  esti- 
mation, the  construction  of  a  secondary  road  is  a  financial  question 
primarily.  The  amount  of  the  necessary  capital  is  a  function  of  the 
cost  of  construction  and  operation,  and  these  again  depend  on  the  re- 
quirements of  the  passenger  and  freight  traffic. 

The  narrow-gauge  roads  are  means  of  transportation  of  inferior  im- 
portance, which  must  bear  proper  relations  to  the  demands  made  on 
them.  The  selection  of  the  gauge  will,  therefore,  depend  not  only  on 
the  requirements,  but  also  on  the  extent  and  quality  of  the  expected 
traffic,  and,  further,  on  the  capital  obtainable,  with  especial  considera- 
tion of  the  earning  capacity  of  the  proposed  railroad  line  and  of  all  local 
conditions.  The  narrow-gauge  roads  have  consequently  found  en- 
trance everywhere,  where  the  conditions  necessary  for  the  building 
and  operating  of  standard-gauge  roads  do  not  exist. 

Justification  of  the  Hitherto-Used  Gauges. — Each  of  the  gauges  used 
hitherto  has  its  advantages,  its  disadvantages  and  its  justification. 
Where  a  great  bulk  of  freight  is  received  from  a  standard-gauge 
road,  and  where  the  proposed  line  which  is  to  join  it  is  short,  a 
standard-gauge  road  may  be  advantageous  in  a  favorable  locality  and 
under  certain  conditions.  In  a  difficult  location,  where  heavy  gradients 
or  sharp  curves  cannot  be  avoided  at  all  or  only  at  great  expense,  the 
narrow  gauge  becomes  the  more  preferable,  as  the  object  to  be  attained 
is  to  connect,  at  a  small  outlay  and  through  simply  operated  roads, 
with  the  international  traffic,  jiarts  of  the  country  economically  re- 
tarded or  remote  from  the  world's  interchange;  to  facilitate  their 
supply  of  raw  material  and  the  distribiition  of  their  products,  and  to 
create  new  industries.  Such  roads  play  the  role  of  a  truckman;  they 
carry  goods  to  the  large  roads  and  receive  goods  from  them  for  delivery. 
It  can  be  said  that  the  gauge  may  be  as  variable  as  the  necessity  for 
the  construction  of  secondary  roads. 

Consequently,  the  secondary  roads  must  not  adhere  to  the  present 
system  of  construction  and  of  equipment,  and  must  deviate  consider- 
ably from  the  standards  of  construction  as  well  as  of  oi^eration  of  large 
roads.     They  take  the  place  of  country  roads   or  tramcar  lines  in  a 


466  ZIFFER  ON  THE  GAUGES  OF  EAILROAD  TRACK. 

measure,  and  deriving  their  j^rincipal  importance  from  the  accommo- 
dation of  local  traffic,  the  cost  must  bear  a  proper  proportion  to  its 
demands,  in  order  to  insure  a  suitable  jjercentage  of  interest  to  the 
iavested  capital. 

Principal  Conditions  for  Secondary  Roads  and  for  the  Selection  of  their 
Gauge. — A  cardinal  princiijle  must  be  to  build  secondary  roads  at  the 
smallest  possible  expense,  and  a  narrow  gauge,  light  motors  and  low 
speed  must  be  chosen  to  accomplish  this.  The  last  will  permit  an  in- 
stallation inadmissible  with  railroads  using  higher  speed.  The  proper 
selection  of  the  gauge  is  an  essential  condition,  but  we  shall  consider 
only  the  gauges  of  1,  0. 75  and  0. 60  m. ,  which  have  been  principally  and 
successfully  used. 

Advantages  of  Narrow-Gauge  Roads  in  Detail. — Regarding  the  above- 
mentioned  advantages  of  narrow-gauge  roads,  it  must  be  stated — 

I. — Economy  in  construction  is  principally  brought  about  by  the 
faculty  of  narrow-gauge  roads  to  adapt  themselves  closely  to  the 
formation  of  the  country  and  to  use  steeper  gradients  and  smaller 
radii.  The  progress  made  already  in  this  respect  is  proved  by  the 
fact  that  in  some  countries  the  cost  per  kilometer  has  been  reduced 
from  100  000  francs  to  30  000  francs,  that  is,  to  less  than  one-third.* 

The  cost  per  kilometer  of  Belgian  narrow-gauge  roads,  on  which 
1.0-m.  gauge  prevails,  fluctuates  between  16  000  and  25  000  francs  for 
substructure  and  superstructure,  including  bridges,  culverts,  etc. ; 
they  average  3  430  francs  for  buildings,  making  a  total  of  28  430  francs. 

The  0. 75-m.  gauge  Gelder  road  in  Holland  cost  32  400  francs  per 
kilometer. 

The  average  cost  of  the  Saxon  narrow-gauge  roads,  0.75-m.  gauge, 
has  been  57  500  marks  per  kilometer. 

In  Germany,  there  are  open  for  public  traffic  1  051  km.  of  narrow- 
gauge  roads  with  gauges  of  1,  0. 90,  0. 785  and  0. 60  m.  Besides,  there 
exist  4  198  km.  of  mining,  industrial,  agricultural,  forestry  and  other 
roads,  not  open  to  the  public,  with  gauges  of  1,  0.95,  0.90,  0.85,  0.79, 
0.785,  0.78,  0.75,  0.73,  0.70,  0.6vS,  0.66,  0.65,  0.60,  0.58  and  0.54  m.  The 
average  cost  of  the  former  was  52  124  marks  per  kilometer,  the  receipts, 
4  721  marks,  the  running  expenses,  3  210  marks,  or  68.01%*  of  the  re- 
ceipts.    The  capital  brought  an  average  interest  of  2.6  per  cent.     The 

*  The  average  cost  of  secondary  roada  in  France,  with  an  aggregate  length  of  3  150  km. 
was  \V.',  000  francs,  at  the  end  of  1890.  Of  this  total  length  1  450  km.  were  narrow-gauge 
roads,  mostly  with  1-m.  gauge. 
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most  expensive  narrow-gauge  road  was  one  in  tlio  Breslau  Railway 
district,  with  95  114  marks  per  kilometer,  the  cheapest  was  the  line 
Strassburg-Markolsheim  with  15  179  marks  per  kilometer.  The  aver- 
age cost  of  private  feeders  (1  124  km.),  operated  with  engines,  was 
61499  marks,  and  of  those  operated  with  horses  (502  km.),  32  806 
marks  per  kilometer.* 

On  standard-gauge  roads  the  radius  of  curves  must  not  be  less  than 
100  m.,  or  very  serious  disadvantages  will  have  to  be  encountered; 
while  with  1-m.  gauge,  radii  down  to  60  m.,  with  0.75-m.  gauge  down 
to  40  m.,  and  with  a  0.60-m.  gauge  dow^n  to  20  m.  may  be  used.  These 
curves  permit  the  formation  of  the  ground  to  be  followed  and  result 
in  savings  in  earth  and  rock  work  as  well  as  in  masonry  and  bridge 
work.  The  advantage  of  sharp  curves  and  of  steep  grades  makes  itself 
especially  felt  where  public  country  roads  are  iitilized.  On  these  the 
track  can  generally  be  laid  on  their  grade  and  alignment,  and  can  be 
carried  through  the  villages  to  their  mines  or  factories. 

Hereby  there  are  brought  about  : 

(a)  Savings  in  the  Roadbed. — These  are,  especially  if  the  railroad 
needs  a  separate  roadbed,  savings  in  the  acquisition  of  right  of 
way  and  in  the  amount  of  grading  and  of  masonry  and  bridge 
work.  The  size  of  depots  and  yards  can  be  reduced.  The  bottom 
vridth  of  roadbed  for  cuts  and  embankments  in  the  open  road  is 
4  to  4.30  m.  for  standard-gauge  secondary  roads;  while,  with  the 
three  most  popular  widths  of  narrow  gauge,  it  can  be  built  in  the 
following  dimensions  : 

Gauge Im.  0.75  m.  0.60m. 

Bottom     widths     of 

roadbed 3..3-3.5t  2.0-3.0  J  2.6-2.8^ 

If  retaining  walls  are  used  in  cuts  or  embankments,  the  bottom 
width  of  roadbed  may  be  further  diminished  about  0.20  m. 

*  "  statistic  d.  im  Betr.  befindl.  Eisenb.   Deutschlands,  Betriebsjahr  1890-91.    Berlin, 

1891." 

t  In  Austria-Hungary  (1-m.  gauge) 3.0  m. 

In  Austria-Hungary — Bosnia  and  Herzegovina  (0.76  m.) 2.8-3.0  " 

X  On  the  Saxon  Secondary  Beads  (0.75  m.) 2.95  " 

"     "  Ocholt-Westerstede  Railroad,  Germany  (0.76  m.) 2. CO  " 

"     '•  Broblthal  Bailroad,  Germany  (0.785  m.) 2.51  '• 

'■     ■•  Waldenburg  Railroad,  Switzerland  (0.75  m.) 2.83  " 

§  On  the  Decauville  railroads: 

(France  and  transoceanic  countries)  (0.60  m.) 2.50  " 

On  the  Scandinavian  Local  Railroads  (0.60  m.) 2.80  " 

"    "  line  from  Louisenhain  to  the  Warthe  in  Germany  (0.60  m.) 2.80  " 
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According  to  the  experience  on  narrow-gauge  roads  in  different 
countries,  the  average  cost  of  the  substructure  stands  about  in  the 
following  proportions  : 

Gauge 1  m.  0.75  m.  1.60  m. 

Eatio 1  0.92-0.90  0.88-0.80 

(6)  Savings  in  Superstructure. — The  smaller  gauge  admits  of  a  lighter 
superstructure  on  account  of  the  use  of  rolling  stock  with  less  pres- 
sure per  axle.  The  ensuing  savings  in  the  weight  ol  rails  and  angle 
l)ars  in  wooden  or  iron  ties  or  sleepers,  in  the  amount  of  ballast,  and, 
finally,  in  the  number  and  length  of  yard  side  tracks,  may  be  very  con- 
siderable. 

While  on  standard-gauge  local  railroads  the  weight  of  rail  per  run- 
Jiing  meter  varies  between  23  and  31  kg.,  it  is — 

"With  a  gauge  of 1  m.  0.75  m.  0.60  m. 

Weight    in    kilograms 

per  meter 18.0-26.0*  15.0-18.0t  9.0-15.0J 

Bottom  -width  of  road- 
bed    (wooden     ties) 

per  meter 2.2-2.4  1.75-2.0  1.6-1.7 

Thickness  of    same  in 

meters 0.30  0.25  0.20 

With  iron  ties  the  thickness  of  the  ballast  is  still  less  and  decreases 
<lown  to  0.15  m.  Wooden  ties  have  lengths  of  1.8,  1.5  and  1.3  m.,  an 
upper  Avidth  of  14,  13  and  12  cm.  respectively,  and  a  thickness  of  14 
and  16  cm.  The  distance  between  centers  of  tracks  at  the  stations  is, 
according  to  the  width  of  rolling  stock,  3.5  to  3.75  m.  with  1-m. 
gauge;  3.30  to  3.50  m.  with  0.76  or  0.75  m.  gauges;  and  3  to  3.20  m. 
with  a  0.69-m.  gauge.  The  clearance  between  jiassing  vehicles  is 
generally  made  0.70  to  0.80  m. 

For  the  superstructure  the  following  ratios  may  be  therefore  as- 
sumed as  an  average  : 

Gauge 1  m.  0.75  m.  0.60  m. 

Eatio 1  0.8-0.7  0.6-0.5 

Weight  of  rail  per  meter. 

*  In  Austriar-Hungary  (1-m.  gauge) 17.8-23     kgr. 

tin      "  '•  (0.76-m.     "     ) 17.8-23 

"  Bosnia  and  the  Herzegovina  (0.76-m.  gauge) 9.8-17.9    " 

"  Bosnia  and  the  Herzegovina  on  rack  railroads  (0.76-m. 

gauge) 21.8  " 

Saxon  narrow-gauge  roads  (0.75m.  gauge) 15.5  " 

Waldenburg  railroad,  Switzerland  (0.75-m.  gauge) 15.1  •' 

t  Decauville  railroads,  France  (0.60-m.  gauge) 9.55-15        " 

Scandinavian  railroads  (0.60-m.  gauge) 9.0  " 
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TABLE  "A." 
PRnffTPAt,  DijraiNsiONs  OF  Recent  Locomotives  in  Operation  on  Naerow-Gauoe  Ratluoads  with  Gauges  of  1.00,  0.75  or  0.70  and  0.6  m. 


..    Crislobal-Tucnman    (The 
AT:geotiD«) 


KfOpas  Vkunal  Bailroads  . 


Descbiption. 


".nnsbrQck-HiU  (TtpoI) 

do 

'nn-SimploD  (Switzerland). 


vppenzell    Ttsmcar    Bailmv 
tSvitzerltlid) 


Tender-Looomotive, S.ixles  coupled,  weight  empty,  13.6  Ions  (Cie.  de  Fives- 
Lille) 

Tender  Locomotive,  3  axles  coupled,  weight  empty,  18.6  tons  (La  Metnllur 
giqne) 

Teader-Locomotive,  3  axles  coupled,  weight  empty,  15  tons  (E.  &  J.  Halot, 
Brussels) 

Tendej> Locomotive,  2  axles  coupled  {Krauss  &  Co.  Munich) 


render-Locomolivo  for  adhesion  and  rack  railroad  ;  3  axles  coupled,  of 
which  th«  central  one  is  rack  diiviug  axle.  Weight  empty,  16.8  tons 
(Winterthur,  Switzerland) 


Combined  rack  and  adhesion  engine,  2  coupled  axles  and  rack  working 

I    gear,  tender  and  one  "  Bissel  "  axle  {Syst.  Elose).    Weight  empty,  26  tons. 

(Winterthur  Mach.  Co.) 


, 'Tender-LocomotiTe,  2  axles  coupled.     Weight  empty,  9.5  tone.    (KrausB  & 
'    Co.) 


3ofluBuIroad. 


Tender-Locomotive,  with  combination  pivot  truck  ;   3  axles  coupled,  oi 

1    which  the  near  axle  allows  a  lateral  motion  of  25  mm.  each  way.  Adhesion 
weight,  18  tons.     (Erauss  k  Co.) 
Curve  Locomotive,  3  axles  coupled,  which  are  movable  radially,  and  out- 
tender-axle  (Syst.  Klosi).    Adhesion  weight,  20  tons 

,  I  Duplex-Locomotive  (Syst.  Fairlie).     Weight  empty,  19.2  Ions.    (Krauss  & 
Co.) 


n     Sarrow-Gsnge     Bail- 


jCombination  Rack  Railroad  Locomotive  (Syst.  Abt).    (Florisdorf  Locomo- 
tive Works) 


.  IXender-Locomotive,  3  axles  coupled.    Weight  empty,  12.45  tons.    (Chemnitz 

Mach.  Co.) 

do iTender-Locomotive,  with  2  boilers  and  4  cylinders,  twice  2  coupled  axles 

I    and  double  furnace.     Weight  empty,  22.3  tons.      (Syst.  Fairlie.)     (Glaw- 

I    thorn,  Newcaslle-upon-Tyne) 

r-aaville  Railroad  (France)  .  Locomotive  with  2  coupled  axles  and  a  tender  with  2  axles.    Weight  empty, 

I    5  tons,    (Syst.  Decauville) 

do Locomotive  with  2  coupled  axles  and  a  tender  with  2  axles.    Weight  empty, 

S  tons.    (Syst.  Decauville) 


'Ar.g  Exposition  and  French 
MUitary  Bulwsys.. 


Compound  Tender- Locomotive,  all  4  axles  coupled.    Weight  empty,  4.5  tons. 

I     (Syst.  Mallett) 

Compound  Tender-Locomotive,  2  pairs  of  coupled  axles.     Weight,  emply, 


bicasnlle  BatlnHid  (France). . 


Duplex  Tender-Locomotive,  2  bogies  and  1  furnace.      Weight  empty,  1(J.5 
tons.    (Syst,  Pechot-Burdon) 


Combination  Back  Railroad  Locomotive.    Weight  empty,  13  tons. 
blissement  Decauville) 
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10.0 
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1^.0 
7.H 
10.6 


23.7-54 

2  500 

25-0 

2  520 

24.2* 

2  430 

31.0 

(  *  4  O'lO 
(*«  2  800 

16.0 

2  100 

28.0 

2  420 

6.25 

722 

7.50 

1  020 

12.0 

2  155 

12.0 

1  800 

13.0 

1  O'.O 

On  exhibition  at  the  Paris  Exposition,  1889, 

Vide  Organ  f.  d.  Fortschr,  d.  E.  Bw.,  1891.      Ueberaicht  der  in  Paria  aas- 
1      gestellten  Loc.  H.  v.  Littrow    Stahl  u.  Eisen,  189».     Ceber  Feldeiaen- 
bahnen,  E.  A.  Ziffer. 


f  Monographie  d'un  chemin  de  fer  rentier  a  voiede  1  m.  a  adherence  et  i 
crtimaillere.  J.  Martin  et  L.  Marad.     Pdria,  189L  Nonvelles  Aziiulea  de 

'     la  Constr.  De-embre,  1891. 

I'^Rack''*'''    }  Mechanism. 
[Diameter  of  Tender  Wheel,  0.555  m. 
Information  from  Krauss  &  Co. 


Trial  runs  made  with  a  masimum  speed  of  35  km.  per  hour 

Glaser's  Annalen,  1S38 :  Trial  runs  with  50  krn.  speed. 
'Construction  of  two  coupled  locomotives,  tou.-limg  with  their  fireboxes; 
the  two  engines  can  be  used  separately. 
*  Weight,  empty  and  in  serviue,  grate  ani  li?ating  surface  given  for 
both  eucines. 


[^.Adhesion    I  ^,,,,„i,„_ 


Vide  Secondary  Railways  of  Saxony.    BerUn. 


do 
I  Vide  Const,  et  exploitation  des  chemios  de  fer  a  voie  de  0.6  m.  R.  Tartary, 
J      Paris,  1891. 

]  ride  Const,  et  exploitation  des  chemios  de  fer,iToiede  0.6  m.  R. Tartary 
[     Paris.  1891. 

( A.  Mallet :  Devoloppement  de  I'application  du  systeme  compound  aoi 
)     mjcUiues  locomotives.    Paris,  1890. 
(Schweiz.  Bauzeitung,  1890. 

f  Information  from  the  Decauville  Company. 

*  20  m.  Adhesion  1  E.ii.os.a. 
I  **  80  m.  Rack        j  Ka"'^"*''^- 

i  The  engine  may  reach  a  weight  of  21  tonf.  ,  -,  ,     . 

The  traius  on  the  railroads  of  the  Departments  Loiret  and  Calvados,  on 
the  Royan  iramcarline  and  on  the  Escoublic-la-Bole  Poruicbel  Railroad, 
[    run  with  a  speed  of  26  to  30  km.  per  hour. 


ith  four  cylinders  and  eight  driving  wheels  which  are  able  to  draw  a  40-ton  train  at  a  speed  of  24  km.  per  hour  on  B™"™'f  °' ^•'''■f  ■  *°* 'yj'^i^^^  the 

veight  in  service,  5.6  ton8f2  coupled  axles,  which  can  he  also  need  for  1-m.  gauge.    To  do  this,  the  axles  we  taken  out,  the  wheels  are  put  outside  ol  the  name  ana  tuc 


keyed  on  to  (hem  ;  the  journal  boxes 


in  Local  Railways,  O.G  m.  gauge,  use  compound  locomotive 

!:•:  LtgraLd  Compound  lender  Locomotives  for  0.6-m  gaugi  .         „  .  .  .  - 

nanism  remain  unchaui^ed.  .  .       ,     ,030  >•  fjAnin  civil  1890  "  Uebor  Feldeisonbilino'i  "  E  A.  Ziffer,  Stahl  uud  Eisen,  189i. 

■  worth  meuiioBing  the  Corpet  and  Decauville  Tender-Locomotive,  0.6  m.  gauge,  for  industrial  and  agricultural  purposes.     Vide  "  La  Locomotive  d  vole  otroite  a  1  Exposition  ue  i35j,    uouiu  i-i.    ,  ±  1  , 
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((•)  Savings  in  Buildings. — These  savings  can  become  very  large  if  a 
railroad  limits  itself  to  provisional  and  absolutely  necessary  structures, 
whicli  may  be  done  esjiecially  on  roads  with  smaller  gauge  accom- 
modating a  limited  traffic.  But  savings  in  the  depots  are  possible  in 
every  case. 

n.  Saring  in  Equipment. — The  smaller  the  gauge,  the  less  becomes 
the  weight  of  the  rolling  stock,  without  necessarily  diminishing  its 
stability  or  effectiveness  in  equal  proportion.  Unquestionably,  the  cost 
of  the  equipment,  built  lighter  for  a  lighter  traffic,  diminishes  also 
with  the  gauge,  even  under  the  same  requirements  concerning  carry- 
ing capacity  and  a^jpliances  of  safety  and  precaution  (brakes,  drawing 
gear,  buflfers,  etc.). 

Table  "A"  of  "Principal  Dimensions  of  Locomotives,"  shows 
that  the  engines  for  a  smaller  gauge  (0.86  or  0.75  m.)  have  been  con- 
structed with  a  larger  grate  area  and  a  greater  drawing  capacity  than 
those  for  1-m.  gauge;  further,  that  engines  for  0.6-m.  gauge  are  capable 
of  meeting  very  stringent  demands,  especially  as  to  drawing  cajjacity, 
adhesion,  weight  and  flexibility  in  passing  sharp  cui'ves.  Combined 
i-ack  railroad  locomotives  for  a  0.76-m.  gauge  have  also  been  long  in 
operation  without  giving  any  trouble  or  being  less  safe.  * 

The  construction  of  modern  locomotives  is  certainly  suitable  to 
facilitate  the  building  of  railroads  at  a  small  outlay  and  to  guarantee 
the  earning  capacity  of  lines,  very  doubtful  at  a  greater  cost.  We  find, 
also,  that  all  hindrances  to  narrow  gauge  have  been  removed  as  to  the 
effectiveness  of  locomotives,  f 

J  Table  "B"  of  "Covered  and  Open  Freight  Cars  "  shows  that  cars 
with  a  loading  capacity  of  10  tons  can  be  built,  not  only  for  1-m.  gauge, 
but  also  for  smaller  gauges,  in  which  case  the  dead  weight  j^er  ton  of 
capacity,  available  area  and  volume  of  cars  is  lessened. 

|Table  "C"  gives  the  main  dimensions  of  passenger  cars,  which 
show  also  a  more  favorable  proportion  between  gauge  and  width  of 
cars.  Th'j  cars  for  the  Salzkammergut  and  the  Styrian  Local  Rail- 
roads (0.76-m.  gauge)  are 2. 2  m.  wide,  those  of  Decauville  (0.60  m.)  are 
1.7  m.,  that  is,  almost  three  times  as  ■wide  as  the  gauge,  and  have  been 
in  unobjectionable  use  for  an  extended  period.     The  cars  of  the  Bosna 

*  In  the  Decauville  shops  the  writer  saw  a  combiued  (adhesion  and  rack)  locomotive  for 
0.60  m.  Kauge,  the  dimensions  of  which  are  also  contained  in  '•  Table  A." 

t  "  Ueber  die  Semudarbahnen  in  Frankreich,"  E.  A.  Ziflfer,  Zeitschr.  f.  Eisenb.  u.  Dampf- 
schiffah  t,  Mai,  1891.     Zeitschr.  f.  Trausportw.  u.  Sirassenbau,  No.  24,  bis  30,  la92. 

X  See  pp.  18-20. 

§  See  pp.  22,  23. 
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Rulroad  (C'cnipt-  system)  {?ive  a  dear  width  of  1.8  m.,  so  as  to  admit  of 
a  recumbent  j)Ositiou  of  the  passengers.  To  facilitate  the  passing  of 
curves,  movable  axles  or  trucks  are,  of  course,  used  on  narrow-gauge 
roads;  the  latter  have  been  adopted  for  the  Decau\^lle  cars,  which  may 
be  considered  as  examples  to  be  followed.  Special  mention  should  be 
made  of  the  combined  cars,  length  over  all  9.8  m.,  inside  length  of  box 
5.05  m. ;  then  those  with  an  outside  width  of  box  of  1.7  m. ,  and  an  inside 
width  of  1.05  m.,  weight  4.7  tons,  capacity  four  horses,  four  head  of 
cattle  or  24  men;  finally,  the  covered  box  cars,  volume  20  cu.  m., 
capacity  10  tons,  with  floors  so  low  that  inclined  platforms  are  dis- 
pensable for  loading  and  \inloading. 

In  comparing  the  dimensions  of  rolling  stock  given  in  the  above 
three  tables,  their  mode  of  construction  has  to  be  taken  into  considera- 
tion. The  dead  weights  of  cars  depend  also  on  the  material,  for  which 
the  writer  has  no  data. 

Total  Savi7igs  hi  the  Construction  of  Narroic- Gauge  Roads. — Consider- 
ing the  savings  in  narrow-gauge  roads  in  their  entirety,  the  estimates 
of  eminent  engineers  for  certain  railroads  in  different  countries,  for 
various  gauges,  always  taking  the  greatest  admissible  grades  and 
smallest  radii,  result  in  saving,  according  to  the  chosen  gauge  and 
the  locality,  30  to  70,"'o  against  standard  gauge.  With  the  difficulties 
of  the  locality,  the  saving  by  the  use  of  narrow  gauge  increases.  But 
these  data  can  give  directions  only  ;  special  estimates  must  be  made 
for  each  separate  case,  and  the  difference  of  cost  has  to  be  calculated 
for  the  different  gauges. 

III.  Savings  in  Operation. — The  working  expenses  comprise  : 

(a.)  General  administration. 

{b. )  Maintenance  and  inspection  of  roadbed. 

(c.)  Station  and  yard  service. 

{d.)  Train  and  shop  service. 
Strictly  speaking,  the  cost  of  the  general  administration  and  partly 
of  the  station  and  yard  service  is  independent  of  the  gauge  ;  but  the 
saving  in  maintaining  and  inspecting  the  roadbed  is  quite  noticeable, 
as  there  is  less  substructure  work,  especially  less  and  not  so  important 
masonry  work,  a  lighter  construction  of  superstructure  and  lower 
speed  of  trains.  There  are  savings  by  the  limited  extent  of  buildings, 
and  in  the  train  and  shop  service,  due  to  the  less  wear  of  rolling  stock 
by  its  smaller  dead  load  and  more  simple  construction,  and  also  to 
shorter  trains  and  to  the  easier  handling  of  them  in  the  stations. 
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All  tliese  savings  in  working  expenses  can  be  iJroved  only  by  elabo. 
rating  comparative  studies  on  the  systems  of  ojieration  for  different 
narrow  gauges.  Otherwise,  the  given  differences  can  be  regarded  as 
only  approximately  correct.* 

Disadvantages  of  Narrow-Gauge  Roads  in  Detail. — The  sui^jjosed  dis- 
advantages are  : 

I.  Limited  traffic,  small  efficiency  and  little  usefulness  for  military 
transports.  These  objections  are  contradicted  by  actual  experience. 
The  writer  will  cite  the  following  widely  known  examples  : 

1st.  The  single-track  road,  gauge  1  ft.  \\\  ins.  (0.597  m.),  from 
Festiniog  to  Port  Madoc,  in  North  Wales,  built  as  a  horse-car  line  in 
1832,  gradually  rebuilt  and  operated  by  locomotives  since  1864.  It  is 
23  km.  long  and  has  12  branches  with  the  same  gauge  with  a  total 
length  of  22  km. ,  leading  to  the  slate  quarries  of  Galles.  The  original 
capital,  40  000  francs  jjer  kilometer,  has  been  raised  to  165  000  francs 
per  kilometer  by  a  series  of  transformations,  and  consists  of  stocks 
exclusively.  The  weight  of  rail  has  increased  from  8  kg.  jjer  meter 
in  1832,  successively  to  15  kg.  in  1847  and  to  24  kg.  in  1871.  The 
maximum  grade  is  1.25%,  the  curves  with  radii  of  ordinarily  120  m. 
go  down  to  radii  of  35  m. ,  used  without  tangents  between  reversed 
curves. 

Traffic  has  continually  increased  since  1865 ;  in  the  beginning,  the 
number  of  passengers  was  23  000  per  annum  ;  while  in  1888,  142  000 
persons  and  113  000  tons  of  freight  were  carried,  and  this  during  the 
day  only  (no  trains  run  on  Sunday;.  There  are  12  trains  in  each 
direction  daily,  of  which  six  are  passenger  trains  ;  the  trains  number 
often  up  to  150  cars,  with  an  aggregate  length  of  360  to  400  m. 
The  annual  gross  receipts  per  kilometer  reached  the  sum  of  29  000 

*Die  gemischte  Spur.  Jahrb.  d.  sachs.  Ing.  u.  Arch.  Ver.,  Kbpke,  1883.  Franlweich's 
Local  u.  SohmaUpurb.,  W.  v.  Nbrdling.     Zeitschr.  f.  d.  gee.  Local  u.  Strassenbahnw.,  1886. 

Ueber  Schmalspurbahnen  f.  Pers.  u.  Giiterverkehr.  Mittheil.  iiber  derartige  Bahnen  in 
Jforth  Wales,  spec,  iiber  d;e  Festiniog  Babn,  R.  Koch,  Z.  f.  d.  ges.  L.  u.  Str.  Bw.,  1«81. 

Betriebsresultate  d.  Schmalspurb.,  Brbhlthal,  Felda.  u.  Waldenburgerbahn.  Z.  f.  d.  ges. 
L.  n.  Str.  Bw.,  1883-1891, 

Die  Znider  Dampftramway,  W.  Hostmann.    Z.  f.  d.  ges.  Loc.  u.  Str.  Bw.,  1882. 

TJeber  schmalspurige  Industrie  Bahnen,  Hostmann.     Z.  f.  d.  ges.  Loc.  u.  Str.  Bw.  1882. 

Die  Crunigbahn,  O.  Zschokke  u.  G.  Ott,  Z.  f.  d.  ges.  L.  u.  Str.  Bw.,  1882-83  u.  1886. 

I'eber  Schmalspurb.,  A.  Birk.   Z.  d.  bst.  Ing.  u.  Arch.  V.,  1885. 

Ban  n.  Betrieb  d.  Schmalspurb.,  Hostmann,  Wiesbaden,  1881. 

Vergleich.  Betracht.  iiber  Biu  u.  Betriebsergebnisse  normal  u.  schmalspuriger  Secun- 
darb.  O.  Schroter.   Z.  f.  d.  ges.  L.  u.  Str    Bw.,  1882. 

Neuere  Fortschritte  d.  Schmalspurb  ,  A.  Birk  ;  Z.  d.  Ver  deutcher  Eisenbahnverw.,  Nos. 
9&-98,  1891. 
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francs,  of  which  8  000  francs  are  due  to  the  passenger  traffic* 
The  traffic  is  consequently  four  times  as  large  as  that  of  the  Algerian 
railroads,  and  the  yearly  net  receij^ts  amount  to  nearly  34  000  francs, 
■which  income  would  authorize  the  French  government  to  compel  the 
Algerian  roads  to  lay  a  second  standard-gauge  track. 

2d.  The  Illigox'i  Darjeeling  Eailway,  in  British  India,  2-ft.  (0.61-m.) 
gauge,  on  the  road  from  Calcutta  to  the  first  plateau  of  the  Himalaya,  at 
an  altitude  of  2  000  m.  above  sea-level,  is  laid  mostly  along  the  high- 
ways with  average  grades  of  2.5",,,  a  maximum  grade  of  3.5^1^  and 
curves  with  radii  down  to  21  m.  Weight  of  rail,  21  kg.  per  meter. 
Cost,  78  000  francs  per  kilometer.  In  1888,  42  800  jjassengers  and 
24  700  tons  of  freight  were  carried  at  gross  receipts  of  17  940  francs  per 
kilometer.     The  running  expenses  were  54:%  of  the  receipts. 

3d.  The  railroad  from  Antwerp  to  Ghent,  in  Belgium,  gauge,  1. 15  m. , 
length,  50  km.,  built  between  1844  and  1847,  is  operated  similarly  to 
trunk  lines  with  through  trains  of  50  km.  hourly  speed.  This  road 
carried  500  000  passengers  and  50  000  tons  of  freight  in  1865  ;  in  1887 
the  passengers  numbered  1  089  838,  and  the  receipts  were  765  409 
francs  ;  713  591  francs  were  received  for  baggage,  express,  and  common 
freight.     The  expenses  were  64.09%  of  the  income,  f 

4th.  The  Paris  Exj^osition  Railroad  on  the  Champ  de  Mars,  in  1889, 
surnamed  "Decauville  Railroad,"  3km.,  0.60-m.  gauge,  carried  six  and 
one-half  millions  of  passengers  within  six  months.  This  is  double  the 
rate  of  the  Depot  de  la  Bastille  in  Paris,  which  summed  ujJ  only 
five  and  one-half  millions  in  12  months.  Forty-two  thousand  five  hun- 
dred trains  were  run,  with  a  total  weight  of  1 781  018  tons,  making  106  250 
train-kilometers.  Each  train  had  a  capacity  of  400  travelers.  The  gross 
receipts  per  kilometer  in  six  months  were  550  000  francs  ;  the  operating 
expenses  were  160  000  francs,  or  30"o  of  the  receipts.  The  maximum 
grade  was  2%;  the  smallest  radius  was  30  m.  on  the  open  road  and 
20  m.  at  the  stations.  This  was,  undoubtedly,  the  first  time  that  such  a 
record  was  made  on  a  0. 60-m.  gauge  road  with  such  primitive  means,  and 
we  are  used  to  such  a  showing  on  first-class  standard -gauge  roads  only.]; 

*  Bau  u.  Betr.  li.  Schiualspurb.,  W.  Hostmann,  Wiesbaden,  1881. 

Hostmann's  Mittbeil.  iiber  Loka'.b..  1882.    Dib.  d.  Betriebsergebniese,  1871-77. 

t  Dr.  EoH's  Encycl.  d.  { es.  Eisenbw.,  I  Band.,  1890. 

i  "  Das  Eisenbahnw.  auf  der  WeltauBstellung  in  Paris,"  A.  Birk,  Z.  d.  V.  deutscher  Eisen- 
bahnverw..  No.  73,  1889. 

"  Die  Pariser  Ausslellungsbahn  v.  Decauville,"  A.  Brunner,  Z.  d.  V.  Eisenbahuverw..  No 
6,  1890. 

Le  chemln  de  fer  Decauville  pendant  I'Exposition  de  ls89,  Corbeil,  1891. 
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Sth.  The  Vicinal  Bailroad  from  PitMviers  to  Toury,  France,  31  267 
km.  long,  of  wliicli  19.4  km.  use  the  highways,  has  been  built  with 
a  gauge  of  0. 6  m.,  maximum  grades  of  2.3%  and  30  m.  smallest  radius, 
^t  an  expense  of  25  000  francs  per  kilometer.  Six  trains  are  run  daily, 
with  a  maximum  speed  of  25  km.  per  hour. 

6th.  The  Ticinal  Eailroad  fi-om  Luc-sur-Mer  to  Dives,  France,  29 
km.,  built  along  the  highways  with  a  gauge  of  0.6  m.,  has  maximum 
grades  of  S%  and  a  smaller  radius  of  20  m.  The  cost  was  35  000 
francs  per  kilometer.  Twenty-four  trains  are  scheduled  daily,  with 
^n  hourly  speed  of  30  km.     Each  train  seats  225  persons. 

Considering  the  favorable  results  of  the  fore-mentioned  French  local 
roads,  the  General  Council  of  the  Departement  de  Calvados  resolved, 
August,  1892,  to  adopt  the  0.6-m.  gauge  also  for  the  county  system 
of  secondary  roads,  comprising  several  hundred  kilometers. 

7th.  The  results  of  narrow-gauge  roads  in  Hungary  are  contained 
in  the  follo^ving  table: 
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Bnda-Pesth-Szt.  Lorinczer  Railroad 
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10 
9.9 
7.4 
1.3 

4.5 

At  the  end  of  the  table  the  figures  are  given  for  the  standard-gauge 
Buda-Pesth  local  roads.  This  line  is  ojjerated  under  exactly  the  same 
conditions  of  traffic  as  the  Buda-Pesth-Szt.  Lorinczer  Eailroad,  and  fur- 
nishes a  practical  example  showing  how  much  more  profitable,  under 
the  same  conditions,  a  narrow-gauge  road  may  be  than  one  with  stand- 
ard gauge.  The  gross  receij^ts  are  almost  alike,  but  the  operating 
expenses  of  the  narrow-gauge  road  amount  to  60.5%',  and  those  of  the 
standard-gauge  road  to  87.15'6,  of  the  gross  receipts.  The  operation  of 
the  former  is  consequently  more  economical,  though  its  length  is  8.6 
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tm.  only,  while  the  administration  expenses  of  the  latter  road  are 
distributed  over  41.1  km.* 

8th.  The  Agricultural  Railroad  on  the  Crown  Estates  Mezohegyes 
in  Hungary,  0.76-m.  gauge,  opened  in  1889,  is  34  km.  long,  has 
maximum  grades  of  5*'y ,  smallest  radii  of  GO  m.  Cost,  7  500  florins  per 
kilometer,  f 

9th.  The  Bosna  and  the  Bosnian-Herzegovinian  Government  Rail- 
roads. Gauge,  0.76  m.  The  former  was  built  as  a  supply  road  during 
the  occupation  campaign  of  1878;  it  was  very  imperfect  technically, 
and  of  small  eflSciency  of  transportation.  The  original  cost  averaged 
20  900  florins  per  kilometer,  but  it  has  been  gradually  transformed  and 
lengthened. 

At  present  the  system  of  the  Bosna  Railroad^  consists  of — 

(<7)  The  Bosnian  Brod-Doboj-Zenica  Railroad,  189.7  km.,  the 
cost  of  which  reached  49  200  florins  per  kilometer.  The  smallest 
radius  is  generally  50  m. ,  with  exceptional  curves  of  35  to  40  m. 
radius.  The  invested  capital  of  7  410  311  florins  brought  "^.11% 
interest  in  1891  against  5.735'o'  in  1890. 

[h)  The  Zenica-Serajewo  di%dsion  of  the  Bosnian-Herzegovinian 
Government  Railroad,  78.6  km.,  cost  per  kilometer  48  157  florins, 
smallest  radius  275  m.,  steepest  grade,  8  per  cent.  The  invested 
capital  is  3  902  034  florins  and  paid  3.31^"^  in  1891,  against  4.39"^ 
in  1890.  On  this  line,  and  on  the  above-mentioned  Bosnian  Brod- 
Zenica  Railroad,  254  669  i^assengers  and  172  935  tons  of  baggage, 
express  and  ordinary  freight,  were  carried.  Each  passenger  aver- 
aged 77.1  km.,  and  each  ton  of  freight  102.07  km.;  27.16%'  of 
the  receijjts  belong  to  the  jjassenger  traffic.  The  operating  ex- 
penses were  55. 6  "^^  of  the  receipts. 

(')  The  Vogosca-Cjevljanovic  mining  road,  20.5  km.  Mini- 
mum radiiis,  40  m.,  steepest  grade,  0.2  per  cent.  Average  cost  jjer 
kilometer,  5  765  florins. 

*  "  Die  scbmalspurigen  Localb.  in  Ungarn."  Z.  d.  V.  d.  Eisenbahnverw.  No.  5,  73  u.  76, 
1892. 

t  "  Die  landwirtschaftl.  Industriebahn  d.  Mezohegyeeer  Staatsgestii'sgliter."  Z.  d.  V 
d.  Eisebbahnverw.    No.  90,  1892. 

+  "Die  Bosnababn."  W.  v.  Nordling,  Z.  f.  d.  ges.  L.  u.  Str.  Bw.  1883.  "Die  bosni- 
schen  Bibnen."  E.  v.  Gutenberg,  Oest.  Eisenbahnz.  Nos.  14  u.  15,  1886.  "Die  K.  u.  K. 
Bosn-bahn,"  1879-1^89,  Seraje-wo,  1889.  "  Die  Bosnababn,  speciell  ihre  bauliche  Anlage." 
Z.  f.  d.  ges.  L.  u.  Str.  Bw.  1890,  Dr.  Roll's  Encycl.,  II  Band,  1890.  Der  Ban  u.  Betrieb  der 
K.  u.  K.  Bosnababn  u.  d.  Entwickl.  d.  bosn.  Eisenbahn.  A.  Obermayer.  Oest.  Eisenbahnz. 
Nc8.  52  u.  53,  1882.  Ueber  Ban  u.  Betrieb  d.  bosn.-herzeg.  Staatsbahnen,  bes.  d.  ZabnradbaUn 
zw  £ir<vjewo  u.  Konjice,  F.  Ifeuffer.  Z.  d.  oest.  Ing.  u.  Arch.  V.  Nos,  22  u.  23,  1893.  Bericht 
ii  d.  Studlenr.  in  Bosnien,  Mai,  1S88.  P.  Kortz,  Wocbenschr,  d.  oest.  lag.  u.  Arch.  V.  Nos.  35 
U.  38,  1888.     Verordnuugsbl.  f.  Eisenb.  u.  Schiffahrt  No.  133,  19.    Nov..  1892. 
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('/)  The  line  Doboj-Sinnin-Han,  66.7  km.,  smallest  radius 
80  m.,  steepest  grade  15*0  ;  cost  per  kilometer,  19  490  florins.  The 
track  is  old  steel  rails,  14.2  kg.  per  meter,  from  the  Tobuk-Zenica 
Kailroad.  In  1891,  74  841  passengers  and  95  528  tons  of  baggage, 
express  and  ordinary  freight  were  carried.  Each  traveler  made  on 
an  average  29.8  km.,  and  each  ton  of  freight  44.55  km.  The  gross 
receipts  are  1.35  584  florins,  of  which  22.65"o  are  due  to  the  passen- 
ger traffic.  The  operating  exj^enses  were  103.865*0  of  the  receipts 
against  65.295'o^  in  1890. 

(-)  The  division  Metkovic-Mostar,  43.2  km.,  smallest  radius 
100  m.,  steepest  grade,  3.33°o ;  cost  of  construction  per  kilometer, 
40  000  florins. 

(/)  The  line  Mostar-Ostrozac-Serajewo,  133.5  km.  The  Ivan 
Mountain  is  jjassed  by  the  combined  adhesion  and  Abt  rack  rail- 
road system  in  a  length  of  15. 14  km.  On  the  mountain  division 
the  maximum  grade  is  6"o ,  the  smallest  radius  125  m. ;  in  the  valley 
division  the  smallest  radius  is  80  m.,  and  the  maximum  grade  1.5 
per  cent.  The  rails  of  the  adhesion  line  are  Vignol  rails,  weighing 
17.9  kg.,  and  those  of  the  rack  railroad  weigh  21.8  kg.  jjer  meter. 
The  division  Mostar-Rama,  56  km. ,  cost  50  000  florins  jjer  kilometer 
on  an  average,  and  the  Rama-Serajewo  division,  77.5  km.,  averaged 
71  000  florins  per  kilometer. 

This  system,  in  its  entirety,  takes  the  place  of  a  trunk  line.  There 
is  an  average  of  3.3  trains  per  day  with  hourly  speeds  of  23  to  30  km. 
The  number  of  trains  in  each  direction  can,  however,  be  increased  to 
24.  This  alone  refutes  the  supposed  small  efficiency  of  narrow-gauge 
roads  for  military  purposes. 

10th.  The  Saxon  Narrow-Gauge  Roads,  0.75-m.  gauge,  comprising 
11  branches,  having  in  1889  a  total  length  of  199.30  km.,  cost,  on  an 
average,  62  584  marks  per  kilometer.  The  annual  receijits  per  kilometer 
were  4  673  marks,  the  expenses  3  059  marks,  or  65.40)'„  of  the  former. 
The  capital  paid  2.58^?^  interest. 

According  to  information  obtained  from  the  Royal  Saxon  State 
Railroads,  these  roads  have  proved  highly  suitable,  and  their  gauge 
has  rendered  it  feasible  to  confer  the  benefit  of  railroad  connection, 
without  a  disproportionate  expense,  on  villages  remotely  situated  in 
side  valleys  and  cut  ofi"  from  main  lines  by  mountain  chains. 

11th.  The  Bari-Barletta  Railroad  in  Italy,  0.75-m.  gauge,  carried 
378  790  passengers  and  94  100  tons  of  freight  in  1886-87.  During 
October  the  traffic  amounted  to  41  863  passengers  and  to  8  010  tons  of 
freight,  giving  a  yearly  capacity  of  500  000  jjassengers  and  of  96  000 
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tous  of  freight.  Tbo  trains  are  composed  of  10  to  12  passenger  cars,  aud 
run  at  si^eeds  iii)  to  30  km.  per  hour. 

r2th.  The  Bolivian  railroad  from  Antofagasta,  on  the  shores  of  the 
Pacitic,  through  the  desert  of  Abacama  to  Ujuui  and  Oruro,  has  been 
iu  operation  for  two  vears  up  to  Ujuni,  in  a  length  of  615  km.;  it  is 
being  extended  to  Oruro,  and  the  intention  is  to  continue  it  later  on 
the  Bolivian  high  plateau  to  La  Pas  in  the  north,  and  to  Sucre  in  the 
east.  The  road  has  a  gauge  of  2i  ft.  (0.76  m.),  and  is  undoubtedly  the 
most  remarkable  instance  of  a  high  jjlateau  railroad.  There  are  run- 
ning over  it  at  maximum  grades  of  3/o  even  Pullman  ears  of  15-m. 
length;  with  two  four-wheeled  bogie  trucks,  transverse  seats  and  a 
middle  passage,  and  passenger  cars  9  m.  long  on  three  transversely 
movable  axles,  with  longitudinal  seats  and  a  center  aisle. 

13th.  The  railroad  from  Morvi,  in  Asia,  2i-ft.  (0.76-m.)  gauge,  94 
miles  (151.25  km.)  long,  has  been  in  operation  for  five  years.  The 
annual  average  traffic  amounts  to  225  000  jjassengers  and  22  200  tons  of 
freight.  There  are  regularly  two  daily  trains  in  each  direction,  and 
the  yearly  operating  expenses  are  3  294  francs  per  kilometer  or  64^^ 
of  the  income.     The  capital  pays  an  interest  of  4^  per  cent. 

14th.  It  may  be  finally  mentioned  that,  in  order  not  to  burden  the 
State  finances  too  heavily  and  to  make  the  income  meet  the  expenses, 
it  is  intended  to  adojit  the  0. 6-m.  gauge  for  the  Peloponnesian  rail- 
roads, on  which  a  light  traffic  only  can  be  expected.  The  cost  is  not 
to  exceed  the  sum  of  20  000  francs  per  kilometer  under  any  condition. 

II. — The  alleged  objection  of  the  greater  operating  exj^enses  of 
narrow-gauge  roads,  which  are  said  to  increase  in  proportion  to  the 
decrease  of  the  gauge,  is,  according  to  the  exi)erience  of  practice,  just 
a^  poorly  founded  as  the  objection  that  the  smaller  radii  ofier  a  greater 
resistance  to  the  passing  of  vehicles.  The  latter  has  also  been  refuted 
by  theoretical  considerations  and  by  actual  experiments. 

The  cost  of  construction  of  German  narrow-gauge  railroads,  vnth  a 
total  length  of  1  051  km.,  gave  an  average  of  52  124  marks  in  1890-91, 
a  comparatively  very  high  sum.  The  annual  working  expenses 
averaged  3  210  marks  per  kilometer  or  68.01'V  of  the  annual  receipts 
of  4  721  marks  per  kilometer;  the  invested  cajoital  paid,  therefore,  2.G"o, 
which  result  would  undoubtedly  have  been  much  more  favorable  if 
narrow  gauge  had  been  used.* 

*  Stat.  d.  in  DeutscUland  im  Belr.  steheuden  Eisenb.  iser  1890-91,  Keicheisenbahnamt. 
Dr.  Boll's  Encjcl.,  f.  d.  gee.  Eiseubahuw.,  II  Band,  1890. 
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The  objection  frequently  raised  that  no  cattle  transports  are  pos- 
sible on  narrow-gauge  secondary  roads  has  also  been  removed  by  the 
fact  that  on  the  Bosna  and  on  the  Bosnian-Herzegovinian  State 
Eailroad,  0. 76-m.  gauge,  four  head  of  cattle  or  four  horses  are  loaded 
into  covered  freight  cars,  6.7  m.  long,  1.66  m.  wide  and  2.15  m.  high, 
and  are  transported  without  trouble.  There  are  regular  transports  of 
cattle  also  on  the  Ocholt-Westerstede  Railroad,  0.75-m.  gauge,  on  the 
Broehl  Valley  Road,  0.785  m.,  and  on  the  Salzkammergut  Railroad, 
0.760  m.,  and  even  on  the  Decauville  Railroad,  0.6  m.,  the  use  of  com- 
bination cars,  9.8  m.  long,  1.7  m.  wide,  weight  4. 7  tons,  and  of  covered 
box  cars,  contents  20  cu.  m.,  has  proved  a  success  for  the  carrying  of 
cattle.  The  circumstance  that  approaches  or  inclined  planes  are  dis- 
pensable in  loading  deserves  special  mention. 

HI. — The  diflference  of  gauge  is  an  undeniable  disadvantage  in 
connecting  with  existing  or  projected  standard-gauge  roads,  as  an  imme- 
diate passage  of  the  rolling  stock  is  impossible,  and  a  changing  of  cars 
for  passengers  and  a  reloading  of  freight  becomes  necessary.  But  this 
drawback  loses  importance,  if  one  decides  to  render  possible  a  mutual 
exchange  of  cars  by  mechanical  appliances.  It  must  be  mentioned, 
however,  that  their  use  necessitates  the  clearance  profile  of  standard- 
gauge  roads  and  so  obliterates  one  of  the  essential  advantages  of 
narrow-gauge  roads.  If  interchangeable  car  bodies,  lifting  derricks, 
etc,  are  used,  the  cost  of  rehandling  becomes  higher  than  with  the 
ordinary  system  of  reloading  from  car  to  car  by  hand.  The  Inter- 
national Railroad  Congress  in  Pans  in  1889  resolved  that  it  is  the 
simplest  and  cheapest  to  reload  goods  from  car  to  car  without  mechan- 
ical ajiparatus.* 

The  above  disadvantage  does  not  at  all  enter  into  consideration 
where  isolated  roads  are  concerned,  or  those  which  are  to  form  a  new 
narrow-gauge  system.  The  traffic  of  such  roads  is  Limited,  there  is  no 
through  traffic,  and  generally  only  the  local  traffic  of  the  countries  or 
provinces  reached  by  the  system  has  to  be  subserved.  From  an  eco- 
nomic point  of  \-iew,  the  secondary  roads  must  be  regarded  as  indus- 
trial enterprises,  and  their  mode  of  operation  must  therefore  bear  a 
proi)er  relation  to  the  necessary  requirements  and  special  exigencies  of 
each  line,  so  as  to  economize  as  much  as  possible. 

Moreover,   the  passengers  ordinarily  change  ears  at  the  junction 

*  Compte  rendu  sommaire  da  congres  internatiooal  des  chemiDS  do  fer,  Paris,  1889. 
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stations  of  branch  railroads  of  even  the  same  gauge;  and  all  cars  not 
fully  loaded,  as  well  as  express  and  parcel  goods,  are  unloaded  anyway, 
to  avoid  the  payment  of  the  high  rent  charged  for  the  use  of  strange 
cars.  The  change  of  cars  and  the  reloading  of  freight  cannot  therefore 
be  regarded  as  unqualified  disadvantages  of  the  difference  of  gauge,  as 
the  reloading  causes  a  maximum  outlay  of  18  to  30  centimes  i)er  ton, 
according  to  the  nature  of  the  freight,  which  is  certainly  less  than  the 
usual  car-rent  paid  to  the  connecting  road.  Generally,  the  cost  of  re- 
loading fully  loaded  cars  has  to  be  estimated  at  200  to  300  francs  per  kilo- 
meter for  a  road  30  to  40  km.  long,  a  sum  far  outweighed  by  the  savings 
in  construction  and  operation  of  narrow-gauge  roads.  It  is  evident 
that  the  necessity  of  reloading  goods  cannot  form  an  essential  obstacle 
to  their  development  and  earning  cajiacity. 

Some  engineers  regard  as  a  technical  disadvantage  of  narrow-gauge 
roads  the  supposed  impossibility  of  using  stable  engines  and  cars  on 
account  of  the  narrow  basis;  engines  and  cars  are  further  said  to  oscil- 
late more,  influencing  the  wheel  pressures  unfavorably,  which  would 
become  objectionable  very  soon  at  a  rapid  and  prosperous  development 
of  a  railroad  system;  the  small  radii  finally  hinder  an  increase  of 
speed. 

The  experiences  of  narrow-gauge  roads  prove,  however,  that  the 
construction  of  rolling  stock  has  already  been  so  developed  that  those 
objections  must  be  considered  as  not  existing,  which  may  be  also  in- 
ferred from  the  three  tables.  A,  B,  C,  of  the  principal  dimensions  of  loco- 
motives, passenger  and  freight  cars  of  different  narrow-gauge  roads,  of 
the  efficiency  of  locomotives,  the  dead  weights  of  cars  and  their  loading 
capacity.  Investigations  show  that,  even  with  the  narrower  gauges,  the 
center  of  gravity  lies  very  much  lower,  on  account  of  the  smaller 
wheel  diameter,  than  with  broader  gauge  cars;  on  the  Decauville  cars, 
0.60-m.  gauge,  for  example,  it  lies  only  0.39  m.  above  the  rails.  The 
oscillations  of  narrow-gauge  cars,  running  at  the  low  speed  of  about 
25  km.  per  hour,  are  very  insignificant  in  any  case.  The  train  resistance 
in  curves  may  be  essentially  reduced  by  a  suitable  selection  of  the 
wheel-base  and  the  use  of  movable  axles  or  of  trucks  and  further  by 
running  short  and  light  trains;  it  is,  therefore,  less  injurious  and 
dangerous  than  with  standard  gauge. 

The  question  of  the  most  suitable  gauge  for  a  certain  volume  of 
traffic,  considering  cost  of  construction  and  earning  capacity,  has  long 
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occupied  engineers  and  capitalists.  The  opinion  is  gaining  more  and 
more  ground  that  standard-gauge  roads  are  too  large  and  expensive 
for  a  limited  traffic,  and  that  narrow-gauge  roads  have  proved  a  quicker, 
better  adapted  and  more  satisfactory  means  of  communication  than 
standard-gauge  secondary  roads,  which  are  shaped  after  the  large  rail- 
roads in  their  whole  mode  of  construction,  operation  and  administra- 
tion. 

Resolutions  of  the  Inteimational  Railroad  Congress,  1885-1892. — The 
first  International  Railroad  Congress  adopted,  in  1885,  the  following 
resolutions  on  the  above  issue  :* 

1st.  "  Secondary  and  vicinal  railroads  are  to  be  considered  as  feeders 
exclusively,  and  shall  be  so  constructed  as  not  to  deviate  from  their 
purpose. 

2d.  "  Secondary  railroads  are  to  connect  with  the  neighboring  trunk 
lines  ;  they  shall  be  received  favorably  by  the  administration  of  State 
and  private  railways,  and  shall  find  co-operation  regarding  : 

"  [n)  The  arrangement  and  distribution  of  expenses  of  joint 
depots; 

'•  (6)  The  handling  of  incoming  and  outgoing  freight; 
'   (c)  The  raising  of  capital  for  first  construction  under  the 
most  favorable  conditions  ; 

'*  [d)  The  arrangement  for  transportation  of  construction  ma- 
terial ; 

"  (e)  The  repaii-s  of  rolling  stock. 
3d.   "Vicinal  railroads  shall  be  built  on  already  existing  highways, 
wherever  circumstances  permit. 

"  The  Congress  exjDresses  the  wish  that  the  States,  provinces  and 
counties  accord  to  the  enterprises  every  relief  compatible  with  wagon 
traffic  concerning  the  utilization  of  the  roads  for  track  laying  and  depot 
construction  as  well  as  regards  operation. 

4th.  "The  Congress  recommends  the  adoption  of  narrow  gauge  for 
secondary  roads,  as  this  will  result  in  savings  in  construction  and 
operation  unattainable  with  standard  gauge.  It  desLres,  further,  that 
certain  types  of  narrow  gauge,  for  example,  0.75  or  1  m. ,  be  intro- 
duced universally,  to  the  exclusion  of  intermediate  gauges  ;  finally, 
that  adjoining  railroads  of  the  same  section  of  the  country,  which  may 
enter  ii.to  mutual  traffic  relations,  use  the  same  standards  of  gauge,  draw 
and  bufier  appliances. 

5th.  "The  Congress  gives  as  its  opinion,  that  the  necessity  of  re- 
loading cannot  be  considered  as  an  obstacle  to  the  development  of 
aarrow-gauge  roads. 

6th.    "The  Congress  desires  the  greatest  elasticity  of  the  tariffs  of 

*  Compte  rendu  general  du  congrea  de  cbemin  de  fer.    IlraxeUes,  1886, 
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vicinal  roads,  according  to  the  special  conditions  of  each  separate  line, 
and  Avislies  that  the  Governments  fix  their  maximum  tariffs  consider- 
ably higher  than  those  of  large  railroads,  and  afford  to  the  incorjjora- 
tors  more  freedom  in  the  use  of  the  tariffs  as  well  as  the  greatest  jios- 
sible  casements  in  the  specifications  for  construction  and  operation. " 

The  Second  International  Congress,  held  at  Milan  in  1887,  has  rati- 
fied the  above  principles.* 

At  the  International  Railway  Congress  in  St.  Petersburg,  August, 
1892,  the  following  question,  XXXIV,  was  opened  for  discussion  :f 

A.  "Which  is  the  most  favorable  gauge  for  economic  railways 
{cles  chemins  defer  economiques)  in  the  different  cases  (1.44,  1,  0.75  or 
0.60  m.)? 

"^\Tiat  are  the  circumstances  and  considerations  giving  preference 
to  a  certain  gauge  ? 

"Is  there  sufficient  .experience  on  this  question  ?" 

E.  Eadice,  Technical  Director  of  the  Tessin  Railway,  acted  as 
referee.  To  his  j^rinted  report  are  annexed  the  reports  of  H.  Fromm, 
Managing  Director  of  the  Dortmund  tramcar  lines,  and  of  de  Backer, 
General  Director  of  the  Economic  Railway  Company  in  Brussels, 
made,  respectively,  at  the  fifth  and  sixth  general  meetings  of  1890  and 
1891,  together  with  the  discussions  held  at  these  meetings.  The 
latter  will  be  considered  separately. 

The  first  part  of  the  question,  on  the  most  favorable  gauge  for  eco- 
nomic railways,  created  a  lively  debate.  Several  members  declared 
themselves  against  the  0.6-m.  gauge,  because,  in  their  opinion,  it  did 
not  permit  the  equipment  of  the  cars  with  the  convenience  desirable 
for  travelers,  and  because  trains  could  be  run  at  low  speed  only.  With 
1-m.  gauge,  railroads  use  speeds  of  50  to  60  km.  per  hour,  inadmis- 
sible with  a  narrow  gauge. 

Others,  however,  were  of  the  opinion  that  speed  is  not  an  exces- 
sively important  factor  in  most  cases,  and  that,  if  in  some  countries 
1-m.  gauge  has  been  adopted  for  extended  lines,  such  roads  cease  to 
be  secondary  roads  ;  they  will  then  be  managed,  operated  and  main- 
tained like  large  railroads.  Gauges  less  than  1  m.  suffice  fully  for 
short  lines.  They  claim  that  the  gauge  is  not  only  a  function  of  the  . 
speed,  but  much  more  of  the  first  cost  and  of  the  maintenance  ;  nature 
and  importance  of  the  traffic  must  further  be  considered.     Experience 

*  Conclusions  du  congrfes  iaternatioual  des  cbemios  de  fer.     Milan,  1S87. 
t  Question  iXXIV:    Largeur  de  la  voie  des  chemins  de  fer  economiques.     Bruxelles, 
1892. 
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teaches,  moreover,  that  even  narrow-gauge  roads  are  able  to  handle  a 
very  considerable  and  brisk  traffic. 

The  following  resolution  was  finally  agreed  upon  : 

"  It  is  imjjortant  for  the  evolution  of  secondary  roads  that  the 
greatest  liberty  be  left  in  the  selection  of  the  gauge.  Each  may  be 
advantageous  according  to  local  conditions.  It  is  a  question  to  be 
solved  from  case  to  case,  inasmuch  as  the  special  demands  of  a  local- 
ity, the  nature  and  the  extent  of  the  expected  traffic  have  to  be  taken 
into  account  in  order  to  justify  a  more  or  less  expensive  maintenance. 
But  it  is  just  as  important  that  some  defined  standards  be  adhered  to, 
which  have  already  found  a  successful  use  in  practice.  The  four  types, 
of  1.44,  1,  0.75  and  0.60  m.  are  the  only  recommendable  ones."  * 

Resolutions  of  the  International  Permanent  Tramcar  Society,  1890-92. 
At  the  fifth  general  meeting  of  the  International  Permanent  Tramcar 
Society,  held  in  Amsterdam,  the  following  resolutions  were  adopted 
on  the  question : 

'•  "What  is  your  opinion  and  what  personal  experience  do  you  pos- 
sess concerning  the  most  suitable  gauge  for  steam  tramcars,  viz. : 
'*  (n)  Standard  gauge  ? 
"  [b)  Medium  gauge  (about  1  m.)  ? 
"  (c)  Narrow  gauge  (about  0.75  m.)  ? 

I.  "  Narrow  gauge  is  to  be  chosen  for  steam  tramcar  roads,  except 
in  some  cases,  especially  where  short  lines  connect  with  standard- 
gauge  roads  and  have  to  handle  a  large  and  bulky  traffic. 

II.  "  Concerning  a  selection  between  the  different  naiTOw  gauges,  it 
appears  that  they  do  not  offer  advantages  or  disadvantages  sufficient  to 
entitle  one  or  the  other  to  preference.  Experience  shows  that  one  and 
the  other  have  been  used  almost  simultaneously,  and  that  both  have 
given  good  results.  A  predilection  seems,  however,  to  grow  for  the 
1-m.  gauge,  "t 

At  the  sixth  general  meeting,  August,  1891,  in  Hamburg,  no  con- 
clusion was  arrived  at,  after  a  very  heated  discussion,  on  the  question  : 

"  What  are,  in  your  opinion,  or  according  to  your  experience,  after 
the  adoption  of  narrow  gauge  for  a  railroad,  the  relative  advantages  or 
disadvantages  of  the  three  most  commonly  used  narrow  gauges  :  1, 
0.75,  0.6  m.  ?" 

It  was  resolved  to  put  this  question  again  on  the  programme  of  the 
next  general  meeting. 

For  the  seventh  general  meeting,  which  was  to  be  held  in  Buda-Pesth 

*  Z.  f.  Eisenb.  u.  Damptschifffahrt,  No.  38,  1892. 

Conclnsions  et  renseignements  divers  du  congres  international  des  chemlns  de  fer. 
Braxelles,  1892. 

t  Prot.  d.  V.  Gen.  Vers.  d.  Intern,  permanenten  Strassenb.  Ver.  Brussel,  1890. 
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iu  September,  1892,  tlie  writer  was  chosen  referee  on  the  above  ques- 
tion, but  the  meeting  did  not  take  place  for  sanitary  reasons.  The 
author's  comprehensive  printed  report  on  the  subject  comes  to  thig 
final  conclusion  : 

"  The  gauge  is  to  be  fixed  separately  for  each  case  after  mature 
deliberation,  on  the  strength  of  accurate  investigations  on  the  present 
and  expected  demands  of  traffic  and  under  full  consideration  of  all 
local  conditions  and  of  the  financial  and  other  means  at  hand. 

"  Proper  regard  is  further  to  be  had  for  an  economical  construction 
and  a  simple  and  cheap  system  of  operation,  in  order  to  insure  a  suit- 
able percentage  of  interest  for  the  expended  capital."  * 

Principles  for  Construction  and  Equipment  of  Local  Railroads  Within 
the  Sphere  of  the  German  Railway  Union. — It  must  not  be  left  un  men- 
tioned that  the  German  Kailway  Union,  in  establishing  principles  for 
the  construction  and  operation  of  local  railroads,  has  recommended  the 
0.75-m.  gauge  for  narrow-gauge  roads  according  to  the  resolutions  of 
Constanz,  June,  1876;  of  Salzburg,  July,  1886;  and  of  the  Berlin 
Engineers'  meeting.  May,  1890;  it  has  consequently  abandoned  a 
uniform  as  well  as  the  0.6-m.  gauge. 

The  code  of  rules  for  German  railways  of  inferior  importance,  July 
12th,  1878,  fixes  also  the  gauge  for  narrow-gauge  roads  at  1  or 
0.75  m.  Exceiations  are  admissible  with  authorization  of  the  Govern- 
ment and  with  concurrence  ol  the  Railway  Department. 

Specifications  for  "  Small  Riilroads"  in  Prussia,  for  ivhich  Gauges  of 
0.60,  0.75  and  1  m.  are  Admissible. — The  above  ordinances  have, 
however,  been  modified  by  the  new  Prussian  law,  July  28th,  1892,  on 
"  Small  and  Private  Connecting  Railroads  (Tertiary  Railroads), "  and  the 
specifications  of  the  Secretary  of  the  DeiJartment  of  Public  Works, 
November  18th,  1892,  appended  to  the  law,  exact  that,  in  the  interest 
of  the  defence  of  the  country,  the  ensuing  regulations  will  be  enforced 
on  all  railroads  operated  by  engines : 

I.     Tracks. 

(a)  Besides  standard  gauge,  only  0.60,  0.75  and  1  m. 
gauges  are  to  be  permitted. 

{b'  Where  ties  are  used,  the  minimum  weight  of  rails  must 
be  9.5  kg.  per  meter 

(c)  For  the  0.6-m.  gauge  the  smallest  radius  is  to  be  30  m. 

[d)  The  inside  clearance  of  rails  at  switches,  crossings,  cross- 
overs, etc.,  must  not  be  less  than  0.035  m.  (Regulations  "  c"  and 
"d"  do  not  hold  good  for  tramcar  roads.) 

•  Beri:htd.  Civ.  Ings.  E.  A.  Ziffer,  f.  d.  VIl  Gen.  Vers,  d.  Intern,  perm.  StrassenbaUa 
Ver.  Brussel,  1892. 
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n.     RoLLTSG  Stock. 

(a)  For  roads  with  0.6-m.  gauge,  locomotives  and  cars  must  be 
able  to  pass  30-m.  curves  without  trouble. 
{b)  "Wheels  are  to  have  one  flange  only. 

(c)  The  rolling  stock  of  railroads  with  0.6-m.  gauge  must  be 
equipped  with  central  buflfers,  0.30  to  0.34  m.  above  top  of  rails. 
The  loading  capacity  of  cars,  given  in  kilograms,  must  be  a 
multiple  of  500. 

in.     Depots. 

Where  railroads  with  small  gauge  join  such  with  larger  gauge  and 
a  passage  of  cars  is  impossible,  suitable  arrangements  for  the  transfer 
of  goods  are  to  be  made.  Where  an  existing  line  is  being  extended, 
the  maintaining  of  gauge  and  weight  of  rail  may  be  permitted,  even  if 
neither  should  conform  to  Begulations  I,  a  and  b.* 

Introduction  of  the  O.G-m-  Gauge  on  All  Nev> ''  Small  Railroads'"  ofMeck- 
Itnburgh. — The  Diet  of  Mecklenburgh  has  ordered  the  introduction  of 
a  uniform  gauge  of  0. 6  m.  on  all  new  ' '  small  railroads. "  At  the  discus- 
sions, the  fact  was  referred  to  that  this  is  the  standard  gauge  for  the 
Prussian  military  administration,  especially  on  fortress  railroads;  it 
was  further  stated,  that  influential  French  circles  had  emphasized  the 
necessity  of  first  considering  the  defence  of  the  country  in  building 
"small  railroads,"  and  that,  as  France  possesses  a  great  number  of 
0.6-m.  gauge  roads,  the  result  of  the  French  deliberations  has  been  to 
establish  the  principle  to  use  0.6  m.  only,  and  to  take  standard  gauge 
at  once  if  a  larger  gauge  should  become  necessary. 

The  Friedland  "  Moorcultur  "  Railroad  and  the  "  small  "  road  from 
Friedland  to  Yorpommern  have  given  eminent  satisfaction,  and  their 
operation  is  entirely  safe  for  passenger  as  well  as  for  freight  traflBc. 
The  danger  of  a  tilting  of  the  cars,  which  are  built  on  the  truck 
system,  does  not  exist.  The  0.6-m.  gauge  is  further  unobjectionable 
as  regards  speed.  On  the  Friedland  road  this  is  limited  to  14  km. 
per  hour;  but  a  similar  "small"  road  in  Sweden,  near  Kosta,  which 
has  been  in  operation  for  seven  to  eight  years,  runs  trains  at  an  hourly 
speed  of  35  km.  with  authorization  of  the  Government. f 

Final  Conclusions. — In  summarizing  the  investigations,  experiences 
and  conclusions  on  railway  gauge,  we  find  that  standard  gauge  has 
been  adopted  in  the  European  States  for  trunk  lines,  with  the  excep- 
tion of  Russia,  Spain,   Portugal  and   Ireland,  which  use  a  broader 

*  Verordnungsbl.  d.  k.  k.  Handelsmins.  f.  Eisenb.  u.  Schiflffahrt  No.  144.    Dez.,  1892. 
tZ.  d.  Vereins  deutscher  Eisenbahnverw.,  No.  98,  Dez.,  1892. 
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gauge  in  addition  to  standard,  and  Greece,  •whicli  uses  a  narrower 
gaage;  in  the  other  countries,  broad,  standard  and  narrow  gauge  exist, 
and  either  the  one  or  the  other  is  in  exclusive  or  prevailing  use,  or, 
generally,  all  three  systems  find  use.  The  fact  deserves  attention, 
that  in  the  younger,  principally  the  transoceanic  countries,  narrow 
gauge  has,  from  economic  reasons,  been  also  taken  for  main  lines;  in 
these  cases  1-m.  gauge  has  preferably  been  chosen. 

For  secondary  (local  and  vicinal)  railroads,  as  well  as  for  all  roads 
of  inferior  importance  which  subserve  limited  interests  and  accommo- 
date i^rincipally  local  traffic,  standard  and  a  great  variety  of  narrow 
gauges  have  been  adopted.  The  latter  have  been  chosen  in  just  ap- 
preciation  of  their  economic  advantages  in  construction  and  operation, 
and  in  spite  of  prejudices  propagated  from  different  quarters,  fre- 
quently even  by  engineers,  and  of  a  systematically  conducted  opposi- 
tion against  the  narrow  gauge.  Their  great  advantages,  esijecially 
from  the  standpoint  of  economy  and  earning  capacity,  are,  however, 
indisputable,  though  it  must  be  admitted  that,  due  to  a  few  minor 
disadvantages  of  narrow  gauge,  standard  gauge  may  become  desirable 
for  secondary  roads;  for  instance,  where  existing  standard  gauge  roads 
are  to  be  connected  or  extended,  where  the  country  is  perfectly  level 
and  right  of  way  unexpensive,  or  where,  by  utilizing  broad  and  level 
highways,  any  acquirement  of  real  estate  is  avoidable. 

Generally,  the  narrow  gauge  may  be  regarded  as  the  most  rational 
solution  of  the  question  of  a  simple  and  cheap  construction  and  opera- 
tion of  secondary  roads,  even  for  a  not  inconsiderable  traffic. 

Likewise,  narrow  gauge  is  also  to  be  recommended  for  main  lines 
in  countries  with  a  presumably  moderate  traffic,  and  where  the  finan- 
cial status  necessitates  the  greatest  possible  economy,  so  that  the  in- 
vested capital  may  pay  a  good  interest  as  quickly  as  jjossible. 

It  remains  now  only  to  select  a  suitable  gauge  for  narrow-gauge 
roads.  The  writer  thinks  that  only  the  three  gauges  1,  0. 75  and  0. 60  m. , 
which  have  found  the  most  extended  use  so  far,  should  be  taken 
into  consideration;  but  he  also  believes  it  very  dangerous  to  recom- 
mend the  exclusive  use  of  one  or  two  gauges,  or  to  prohibit  the  intro- 
duction of  one  of  them.  The  selection  of  the  gauges  is,  therefore,  after 
careful  commercial  and  technical  investigations,  to  be  made  dependent 
on  the  demands  of  the  present  and  expected  traffic,  on  its  nature  and 
on  the  local  exigencies,  and  finally  on  the  financial  and  other  means 
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at  hand  ;  the  presumable  earning  capacity  of  the  investment  has  to  be 
fully  considered.  The  gauge  must  be  determined  in  each  separate 
case  after  a  mature  deliberation  of  all  existing  circumstances. 

It  must  further  be  acknowledged  that  narrow-gauge  roads,  even  with 
0.6-m.  gauge,  can  accommodate  a  large  traffic,  and  that  they  always 
require  a  smaller  outlay.  It  is  finally  apparent  that,  if  secondary 
railroads  are  to  continue  in  a  successful  development,  they  must  enjoy 
full  liberty  regarding  construction,  oj^eration  and  administration,  and 
must  be  built,  organized  and  managed  on  standards  different  from  those 
of  main  lines. 
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RAILWAY  SIGNALING. 


By  G.  Kecker,  Betriebs-Director  Imperial  Railways  at  Metz,  Germany. 


Translated  from  tlie  German  by  George  F.  Swatn,  M.  Am.  Soc.  C.  E. 


Prepared   for    the    International    Eng-ineering'  Congress  of  the 
Colniubian    Exposition,    1893. 


Although  the  question  in  railroad  signaling  between  the  system  of 
time  intervals  and  that  of  space  intervals  has  been  universally  decided 
in  favor  of  the  latter,  yet  there  are  still  some  very  imijortant  matters 
regarding  signaling  which,  on  account  of  fundamental  differences, 
may  be  worthy  of  a  detailed  discussion.  The  first  point  relates  to 
the  use  of  colors  for  night  signals. 

According  to  general  usage,  red  means  danger,  "stop";  green 
means  caution,  "run  slowly,"  and  white  means  "all  clear."  The  dis- 
advantages of  white  light,  however,  have  induced  many  companies  to 
abandon  its  use  at  fixed  signals,  replacing  it  with  green  as  a  safety 
signal.  This  system  has  the  advantage  that  in  case  of  accident  or 
breakage  to  a  colored  screen  or  glass,  white  light  apjDears,  which  is 
considered  a  danger  signal ;  whereas,  if  white  is  a  safety  signal,  the 
breakage  of  a  red  glass  or  lantern  may  result  in  a  false  signal.  This 
can  occur,  for  example,  in  the  case  of  the  distant  signals  of  the  German 

Note.— Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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signal  system,  and  in  those  of  the  American  block  systems  of  Hall,  and 
the  Union  Switch  and  Signal  Company. 

This  diversity  of  practice  is  therefore  accompanied  also  by  some 
further  diflferences,  for  while  the  English  distant  signal  acts  as  an 
imperative  signal  to  stop,  the  distant  signals  just  named  simply 
indicate  the  position  of  the  following  home  signal. 

There  is  further  a  substantial  diflference  between  the  German  prac- 
tice of  ojierating  signals  on  one  mast  and  the  practice  in  other  coun- 
tries. In  the  latter  there  are  just  as  many  semaphores  or  lanterns 
above  one  another  as  there  are  branches  from  one  ajjproaching  track, 
all  of  these  in  their  normal  danger  position  being  visible  and  showing 
red  light  at  night,  while  in  the  German  system  the  upper  arm  onlv  is 
visible  and  shows  red  light  at  night.  \STiere  it  appears  necessary  to 
control  the  movement  of  trains  to  a  branch  by  signals  on  the  same 
mast  with  other  signals,  the  mast  is  provided  with  two  or  three  sema- 
phores and  the  same  number  of  lanterns,  one  above  another.  The 
lower  semaphores  and  lanterns  are  used  only  to  give  safety  signals  to 
a  train  diverging  from  the  main  line  ;  in  case  of  a  signal  to  stop,  or  in 
case  of  a  signal  to  proceed  on  the  main  line,  the  lower  arms  are  vertical 
and  the  lanterns  are  invisible.  By  this  arrangement  the  locomotive 
engineer  never  passes  a  red  signal  ;  but  it  has  the  disadvantage  that 
an  all  clear  signal  gives  no  information  as  to  which  track  is  clear.  The 
number  of  semaphores  is,  moreover,  limited  to  three  ;  if  a  greater 
number  is  required,  they  must  be  placed  upon  more  than  one  mast. 
This  limitation  does  not  exist  outside  of  Germany  ;  one  mast,  espe- 
cially at  large  terminal  stations,  often  carries  four  or  more  semajDhores, 
which  give  a  very  clear  idea,  not  only  of  the  number  of  diverging 
tracks,  but  also  in  regard  to  their  directions. 

Finally,  a  marked  difference  exists  in  the  operation  of  signals  at 
stations. 

In  England  and  America  the  different  portions  of  a  station  and  yard 
are  independent  sections,  protected  in  all  directions  by  signals,  and  to 
which  the  intermediate  station  tracks  bear  the  same  relation  that  the 
tracks  of  the  main  line  bear  to  the  adjacent  block  stations. 

In  Germany,  on  the  contrary,  the  entire  station  is  considered  as  a 
whole.  The  entire  operation  of  signals  and  movement  of  trains  at  the 
station  is  made  dependent  upon  one  officer,  who  also,  as  a  rule,  has 
charge  of  the  dispatching  of  trains. 
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In  order  to  secure  the  dependence  of  the  operators  in  the  towers 
upon  the  orders  of  the  managing  officers  of  the  station,  there  are 
special  block  appliances,  which  are  operated  from  a  suitable  office  in 
the  station  building. 

PAiiT  I. — In  General. 

1.  Introduction. 

2.  Signal  systems. 

System  of  time  interval ;  system  of  station  or  space  interval. 

3.  Signals  in  themselves. 

Discs  ;  semaphores  ;  colors  for  signals  ;  reflecting  signals. 

4.  Apparatus  for  operating  signals. 

Rods  ;  wires  ;  wheels ;  Austrian  distant  signals  ;  Hipp's 
signal  ;  Dumont  and  Postel-Vinay  ;  Hall's  signal  ;  Currie 
andTimmins;  Union  Switch  and  Signal  Company;  Ameri- 
can Pneumatic  Company  ;  Bianchi  and  Servettaz. 

5.  Fog  signals. 

Torpedoes  ;  bells  ;  alarms  ;  fog  horn  ;  apparatus  acting  on 
the  engine. 

6.  Control  or  tell-tale  apparatus. 

Duplicate  signals  ;  ringing  apparatus  ;  signal  repeaters  ; 
galvanoscope  ;  control  of  illumination  of  signals. 

In  Geneeal. 

Introduction.— When  it  is  remembered  what  an  important  and  indis- 
pensable factor  signaling  is  in  the  operation  of  railroads  to-day,  that 
engineers  are  constantly  striving  to  perfect  it  in  every  direction,  that 
every  force  of  nature  is  utilized  and  every  new  discovery  at  once  ap- 
plied, it  can  scarcely  be  realized  that  the  first  railroads  in  England 
were  operated  without  signals.  Yet  such  was  the  case.  The  first  rail- 
roads, however,  were  on  about  the  same  plane  as  the  horse  railroads 
to-day.  Moreover,  they  were  operated  only  during  the  day  and  gen- 
erally with  but  one  engine,  and  the  speed  was  not  over  10  miles  per 
hour  (16-17  km.) 

Further,  the  Manchester  and  Liverpool  Railway,  which  was  opened 
September  15th,  1830,  had  engines  without  whistles  ;  they,  therefore, 
lacked  even  the  signal  of  Avhich  M.  M.  von  Weber  in  his  book,  "Rail- 
road Telegraphy  and  Signaling "  (which  although  old  is  still  reada- 
ble), says  that  it  seems  to  us  now  the  very  voice  of  the  railroad  system. 
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■whose  tones  show  its  whole  character,  and  to  which  the  soft  tones  of 
the  post  horn  compare  as  the  poetry  of  travel  in  early  times  compares 
■with  the  restless  travel  of  to-day. 

An  accident  led  George  Stephenson  to  conclude  that  his  engine 
could  make  22  miles  per  hour,  but  that  in  order  to  exceed  this  speed 
a  clear  track  must  be  provided.  This  led  Stephenson  to  introduce 
a  special  signal  system,  in  which  he  made  use  principally  of  colored 
discs  on  tall  poles,  which  were  held  or  turned  by  special  watchmen. 
When,  in  1836,  it  was  found  practicable  to  run  at  night,  colored  lan- 
terns were  fastened  to  the  poles,  which  were  used  in  the  same  way  as 
the  colored  discs  in  the  daytime.  The  trackmen  were  provided  with 
red  or  green  cloth  flags,  with  which  they  could  signal  a  train  to  stop 
or  to  run  slowly  where  they  considered  it  necessary. 

Eailroad  signaling,  not  only  in  England,  but  in  other  countries, 
was  developed  from  this  idea  of  Stephenson's.  It  would  carry  us 
too  far,  and  exceed  the  limits  of  this  paper,  to  follow  all  the  changes 
in  the  development  of  signaling  up  to  the  present  day.  The  writer  will, 
therefore,  confine  himself  in  the  following  images  to  giving  an  idea  of 
the  present  condition  of  signalling  in  the  various  civilized  countries. 

Si/stems  ill  Signaling.- — In  general,  signal  systems  may  be  divided 
into  two  almost  diametrically  opposed  classes. 

The  first  and  original  system  is  that  with  a  time  interval.  It  pre- 
vents the  too  close  approach  of  trains  running  in  the  same  direction 
by  providing  that  they  shall  follow  each  other  only  after  stated  inter- 
vals of  time,  and  that  the  following  train  shall  be  signaled  to  proceed 
slowly  or  to  stop,  unless  the  prescribed  time  interval  has  elapsed  since 
the  passage  of  the  previous  train.  The  time  interval  varies  with  the 
speed  of  the  trains.  This  system  was  soon  proved  unsafe  by  the 
occurrence  of  several  bad  accidents  arising  from  the  fact  that  the 
signal  men  were  not  always  reliable,  or  that  they  could  not  always  give 
the  signal  at  the  right  time.  The  introduction  of  electricity,  moreover, 
made  it  possible  to  abandon  the  system  of  time  interval,  and  to  substi- 
tute that  of  a  space  interval  between  trains,  independent  of  their  speed. 

The  fundamental  principles  of  these  systems,  both  of  which  are 
still  in  use,  may  be  thus  summarized: 

1.  Time  Interval  Sys^tem. — The  track  is  clear  if  no  signals  are 
shown.  A  visible  signal  does  not  mean  "stop,"  but  allows  a  train  to 
proceed  with  caution. 
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The  block  system,  so  far  as  introduced,  is  not  an  absolute  block, 
since'  it  allows  more  than  one  train  or  engine  to  be  in  the  same  section 
and  on  the  same  track  at  the  same  time. 

2.  Space  Interval  System. — The  track  is  normally  blocked;  the  visible 
danger  signal  is  changed  to  a  visible  safety  signal  when  the  track  is 
clear. 

The  block  system  is  an  absolute  one,  /.  e. ,  only  one  train  or  engine 
is  allowed  on  the  same  section  and  on  the  same  track  at  the  same  time. 

Signals  in  Themselves. — Signals  are  either  audible  or  visible  signals. 
The  latter  differ  as  to  color  and  as  to  form. 

The  investigations  of  the  brothers  Chaj^pe,  the  inventors  of  optical 
telegraphy,  are  of  the  greatest  importance  for  the  science  of  railroad 
signaling.  Unfortunately,  their  results  do  not  appear  to  be  suffi- 
ciently known  to  railroad  men,  since  they  have  been  frequently  disre- 
garded. One  of  the  most  important  results  is  that  the  color  of  any 
body  may  disappear  under  certain  conditions  of  illumination,  so  that 
only  the  form  and  not  the  color  can  serve  for  a  reliable  signal. 

For  day  signals,  color  was  therefore  very  soon  abandoned  as  giving 
any  j)articular  meaning,  and  it  is  now  used  principally  as  a  means 
simply  of  increasing  the  visibility.  A  complete  disc  transverse  to  the 
track  and  turned  towards  an  approaching  train  generally  means 
"stop,"  while  a  disc  parallel  to  the  track,  presenting  its  edge  to  an 
approaching  train,  means  "all  clear."  Since  the  edge  of  a  disc  is  as 
good  as  invisible,  a  disc  rotating  about  a  vertical  or  horizontal  axis 
appears  to  be  the  best  signal  for  the  time  interval  system.  The  signal 
to  proceed  ^ith  caution  cannot  be  given  with  the  disc. 

The  experiments  of  the  brothers  Chajipe  showed  further  that  a 
narrow  and  long  surface  could  be  seen  farther  than  the  same  area  in 
the  form  of  a  circle  or  a  square;  and  that  in  average  conditions  of  the 
atmosphere  and  on  cloudy  days,  a  body  6  ft.  long  and  1  ft.  wide,  pro- 
jected against  the  horizon,  could  be  seen  by  the  naked  eye  at  a  dis- 
tance of  6i  miles  (10  km.).  The  form  of  signal  chosen  by  the  brothers 
Chappe,  as  a  result  of  their  experiments,  and  which  they  called  a  "  sem- 
aphore," consisted  of  an  arm  hinged  at  one  end  which  was  attached 
to  a  mast.  This  has  proved  a  most  excellent  signal  for  railroads.  It 
is  not  only  more  jjlainly  visible  than  a  disc,  but  in  addition  to  the  ver- 
tical position,  meaning  "safety, "and  the  horizontal  position,  mean- 
ing "  danger,"  an  intermediate  position  at  45°  may  mean  "  caution." 
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While  these  signals  were  soon  adopted  by  all  roads  as  day  signals,  it 
"was  necessary  to  come  to  some  agreement  regarding  the  meaning  of 
colors  for  night  signals.  This  was  the  more  important  because  in 
England  frequently  one  railway  was  used  by  trains  and  engines  of 
other  railways,  and  it  was  therefore  important  that  the  same  color 
should  always  mean  the  same  thing. 

In  February,  1841,  there  was  held  at  Birmingham  a  congress  of 
English  railway  men,  at  which  uniform  rules  for  signaling  were  adopted, 
especially  with  regard  to  the  meaning  of  colors.  It  was  decided  that 
red  should  mean  "danger,"  green  "caution,"  and  white  "safety." 

In  view  of  the  fact  that  at  the  instant  of  danger  colored  objects 
•were  not  always  at  hand,  any  object  or  light  swung  violently  was  to 
mean  "stop." 

These  rules  were  so  simple  and  practical  that  they  were  accepted 
throughout  the  world,  and  are  still  in  general  use,  although  with  the 
added  idea  that  red  means  "stop  "  and  green  "  proceed  slowly. "  The 
Birmingham  convention  fixed  therefore  the  basis  of  our  modern  signal 
code. 

The  choice  of  colors,  however,  was  limited.  The  experiments  of 
Chappe  showed  that  if  the  visibility  of  a  white  light  is  taken  as  one, 
that  of  a  red  light  of  equal  intensity  is  one-third,  of  a  green  light  one- 
fifth  and  of  a  blue  light  one- seventh. 

In  choosing  three  colors  for  signals,  therefore,  white,  red  and  green 
are  the  best,  on  account  of  their  greater  visibility.  Against  blue  may 
also  be  objected  that  under  artificial  illumination  it  may  appear  green. 
Since  the  danger  signal  is  the  most  important  of  all,  it  might  appear 
advisable  to  choose  for  it  the  color  possessing  the  greatest  visibility  j 
but  white  lights  are  so  frequent,  especially  near  cities,  that  it  can 
scarcely  be  considered  as  a  signal.  For  the  danger  signal,  therefore, 
the  color  was  chosen  which  was  next  to  white  in  visibility,  namely^ 
red,  while  green  was  taken  for  "caution,"  leaving  white  for  "safety.' 

The  properties  of  white  light,  however,  are  likely  to  exercise  a  dis- 
turbing influence  in  many  respects.  In  the  first  jDlace,  on  account  of 
its  greater  visibility,  it  is  able  to  partially  or  wholly  obscure  neighbor- 
ing colored  lights,  a  circumstance  which  may  have  serious  results  in 
railroad  operation.  Moreover,  the  safety  signal  must  frequently  be 
changed  into  the  danger  or  cautionary  signal,  which  is  generally  done 
by  moving  a  red  or  green  glass  in  front  of  the  white  light.     Movable 
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glass  blades  or  screens,  especially  if  exposed  to  the  weatlier,  are  easily 
broken,  and  should  this  occur,  it  might  happen  that  when  a  signal  was 
set  at  danger  it  might  still  show  white  light,  an  approaching  train 
would  get  a  false  signal  and  an  accident  might  result.  Even  though 
it  should  be  very  seldom  that  signal  screens  were  broken  without 
being  noticed  by  the  operator  or  the  trackmen,  it  nevertheless  seems 
undesirable  lo  arrange  signals  in  such  a  way  that  a  red  or  gx-een  might 
by  accident  be  changed  to  white. 

When,  therefore,  in  England,  the  block  system  was  introduced,  in 
which  when  a  section  is  occupied  the  entrance  of  another  train  is  for- 
bidden, and  when  free,  another  train  is  allowed  to  enter  -with  uji- 
diminished  speed,  the  cautionary  signal  was  discarded.  This  opportunity 
was  at  once  seized  to  discard  white  as  a  color  signal;  and  the  danger 
signal  is  now  red,  while  the  safety  signal  is  generally  green.  Under 
this  system,  if  white  light  is  shown  at  any  signal,  the  engineer  is  to 
consider  this  as  a  danger  signal  and  proceed  accordingly,  thus  obvia- 
ting all  danger  of  misunderstanding.  Since,  therefore,  only  two  ideas 
were  to  be  expressed  by  signals,  in  the  case  of  semaphores  the  vertical 
position  (which  is  really  no  signal  at  all)  could  be  also  discarded,  and 
danger  expressed  by  the  horizontal  position,  while  safety  was  exj^ressed 
by  the  inclined  position.  Thus  the  day  as  well  as  the  night  signals 
gave  definite  expression  to  the  two  ideas,  and  the  semaphore  became 
the  most  suitable  signal  for  the  space  interval  system. 

Where  white  light  has  been  abandoned  as  a  signal,  some  slight  con- 
fusion of  ideas  has,  it  is  true,  resulted  from  the  fact  that,  while  green 
is  the  safety  signal  at  fixed  signals,  it  has  remained  the  cautionary 
signal  in  the  case  of  hand  signals  or  temporary  signals  where  track 
repairs  render  them  necessary.  This  disadvantage,  however,  consider- 
ing the  ease  of  distinguishing  the  two  cases,  may  be  considered  to  be 
only  theoretical  and  of  no  imi3ortance  in  comparison  with  the  practical 
advantages  in  point  of  safety,  resulting  from  abandoning  white  light 
as  a  signal  at  permanent  signals. 

If  white  light  is  used,  it  is  advisable  to  let  it  shine  through  an  oj^en- 
ing  of  f  to  t  in-  diameter  in  the  center  of  a  dark  glass,  i.  e.,  to  make  it 
a  so  called  "star-light." 

The  experiment  has  repeatedly  been  made  to  provide  a  signal  which 
should  have  the  same  ajjpearance  at  night  as  in  the  daytime.  The 
simple  illumination  of  the  day  signal,  even  "with  the  electric  light,  has 
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proved  iBsufficient,  and  specially  formed  signals  capable  of  power- 
fully reflecting  the  light  have  been  found  necessary.  For  example, 
the  Eastern  Railroad  of  France  had  at  its  junction  i^oints  signals  whose 
arms  were  illuminated  at  night  by  white  light  from  lanterns  placed  in 
front  of  them;  the  flat  surface  of  the  arm  was  covered  with  small 
mirrors  arranged  in  such  a  way  that  they  each  reflected  the  light  fromi 
the  lantern  parallel  to  the  track,  so  that  the  signal  presented  the  same 
appearance  by  night  as  by  day  to  the  engineer  of  an  approaching 
train.  Also  some  of  the  signals  prescribed  by  the  new  French  signal 
rules  have  arms  covered  with  small  reflecting  strips  illuminated  at 
night  with  white  light. 

In  the  Railroad  Gazette  for  1888,  page  201,  a  signal  is  described,  con- 
structed by  the  Union  Switch  and  Signal  Company  after  designs  of 
Spicer  and  Schreuder,  consisting  of  a  concave  arm  whose  back  surface 
was  a  slightly  concave  mirror  with  a  lamp  situated  in  the  axis  and 
which  reflected  the  light  through  a  glass  plate  forming  the  front  of  the 
arm.  In  the  same  volume  of  the  Railroad  Gazette,  page  684,  Koyl's 
semaphore  is  described,  which  consists  of  a  portion  of  a  paraboloid 
of  revolution  whose^vertex  is  in  the  mast,  while  the  flame  of  the  lantern 
is  in  the  focus.  This  is  said  to  be  clearly  visible,  at  night  and  under 
ordinary  atmospheric  conditions,  at  a  distance  of  half  a  mile,  in  form, 
position  and  color.  It  is  used  on  the  Lehigh  Valley  Railroad,  and  is 
said  to  work  well. 

Apparatus  for  Operating  Signals. — The  direct  setting  of  a  signal  by 
hand  is  seldom  possible,  hence,  to  transmit  the  movement,  either  rigid 
rods  or  wires  are  used,  or  else  electricity,  compressed  air  or  hydraulic 
pressure. 

The  fundamental  principal  to  be  observed  is  that  a  safety  signal 
shall  at  once  automatically  go  to  danger  in  case  of  any  failure  or 
accident  to  the  mechanism  for  transmission.  It  follows  that  every 
signal  must  be  placed  by  positive  action  in  the  safety  i^osition,  and 
must  go  by  its  own  weight  or  by  an  attached  counterweight  to  the 
danger  position. 

Rigid  rods,  1^  to  IJ  ins.  in  diameter,  supported  by  rollers  every  6  to 
10  ft. ,  are  simple  and  not  more  expensive  than  wires  up  to  distances 
of  550  ft. 

The  eff'ect  of  temperature  upon  the  length  of  the  rods  is  very 
simply  provided  for  by  inserting  equal  armed  levers,  dividing  the  en- 
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tire  leut-tb  iuto  two  or  more  parts,  so  that  the  length  of  rod  exijosed 
to  tension  e.^uals  that  exposed  to  compression.  In  the  case  of  short 
rods  or  incomplete  compensation,  the  throwing  mechanism  is  given  a 
greater  travel  than  is  necessary  to  throw  the  switch  or  signal,  so  that 
a  part  of  the  travel  before  and  after  the  ajjparatus  is  thrown  is  without 
effect  on  the  position  of  the  switch  or  signal. 

In  most  frequent  use  are  wires  or  wire  rojies,  from  i  to  ^  in.  in  di- 
ameter, either  single  or  double. 

A  single  wire  is  quite  sufficient  for  setting  a  signal  at  safety,  but  it 
has  the  disadvantage  that  a  person  desiring  to  tamper  with  the  signal 
may  pull  the  wire  or  raise  the  counterweight,  and  thus  give  a  false 
safety  signal.  In  fact,  several  accidents  in  Germany  have  been  traced 
to  this  cause,  so  that  it  has  become  the  general  practice  to  use 
double  wires,  with  which  tampering  with  the  signals  is  impossible. 

Long  wires  are  open  to  the  objection  that  they  may  become  more  or 
less  inoperative,  or  even  give  a  wrong  or  dangerous  signal  on  account 
of  changes  of  length  due  to  temperature.  A  wire  half  a  mile  long 
changes  its  length  about  8  ins.  if  the  temjierature  changes  36^ 
Fahr.,  and  this  is  almost  equal  to  the  travel  necessary  to  reverse  a 
signal.  With  long  wires  compensation  apparatus  is  therefore  neces- 
sary to  obviate  the  effect  of  change  of  temperature.  Simple  screw 
connections  (turn  buckles)  inserted  in  the  line  of  wire  are  not  sufficient, 
since  they  would  require  continual  attention  and  adjustment.  It  has 
been  necessary,  therefore,  to  resort  to  automatic  devices.  On  the 
French  roads,  where  single  wires  are  principally  used,  a  very  simple 
and  jiractical  method  is  emi^loyed.  It  consists  essentially  in  letting  the 
end  of  the  wire  farthest  from  the  signal  pass  over  a  roller,  keeping  it  in 
uniform  tension  by  a  weight;  to  throw  the  signal,  the  movement  of  the 
lever  clamps  and  carries  along  the  wire,  which  is  released  when  the 
lever  is  reversed. 

Double  wires,  as  generally  used  in  Germany,  need,  uj)  to  a  certain 
limit,  no  means  of  compensation.  The  wire  is  given  an  initial  average 
stress,  after  which  the  stress  changes  with  the  temperature,  the  length 
remaining  the  same.  This  is  perfectly  practicable  up  to  a  length  of 
a  quarter  of  a  mile.  For  greater  lengths  a  compensating  device  is  em- 
ployed, in  which  the  essential  idea  is  to  have  both  wires  strained 
equally  by  equal  weights  hung  upon  them  at  the  middle  or  at  one  end 
of  the  line,  so  arranged  that  a  change  in  the  stress  of  either  wire  by 
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pulling  or  releasing  it  automatically  clamps  the  weights  and  allows  the 
signal  to  be  operated. 

To  support  and  guide  the  wires,  guide  wheels  are  placed  at  distances 
of  50  to  65  ft.  apart,  fastened  to  small  jDosts.  On  straight  lines  the 
wheels  are  vertical;  on  curves  they  are  more  or  less  inclined,  in  order 
that  the  wire  may  not  leave  the  groove.  Recently  the  wheels  have 
been  fastened  to  the  posts,  hinged  in  such  a  way  as  to  be  free  to  auto- 
matically assume  the  proper  inclination  on  curves. 

Electrical  Throwing  Apparatus. — On  the  roads  of  Austria-Hungary  it 
is  a  fundamental  principle  to  use  electricity  only  to  release  or  to  catch 
the  throwing  mechanism,  the  moving  of  the  signal  being  effected  by 
this  mechanism,  which  is  actuated  by  a  weight. 

Almost  all  the  signals  used  on  the  roads  of  Austria-Hungary  are 
constructed  in  accordance  with  this  principle,  from  the  first  ones  sent 
to  the  Paris  Exhibition  of  1867,  by  Leopolden,  to  those  exhibited  by 
Langie  at  the  Paris  Exhibition  of  1878,  and  those  shown  at  Vienna  in 
1883  by  Pollitzer  and  by  Sandorf.  The  release  is  effected  by  batteries 
or  by  induction  currents. 

On  the  Swiss  roads,  a  distant  disc  signal,  made  by  Hipp,  is  fre- 
quently used,  which,  however,  requires  a  separate  conductor  for  each 
of  the  two  positions  of  the  signal.  The  development  of  electrically  op- 
erated distant  signals  in  Switzerland  and  in  Austria  has,  however,  been 
arrested  in  the  last  few  years  by  the  fact  that  in  these  countries  the 
safety  appliances  used  for  the  protection  of  large  stations  have  steadily 
increased,  and  for  these  it  is  prescribed  that  T\-ires  shall  be  used  for 
setting  the  distant  signals. 

For  operating  the  disc  signals  of  the  Eastern  Railroad  of  France, 
Dumont  and  Postel-Vinay  have  used  an  apparatus  in  which  the  releas- 
ing and  the  arresting  of  the  mechanism  is  done  electrically.  The 
mechanism  itself  is  similar  to  Siemens  and  Halske's  single  wheel  or 
spindle  alarm  apparatus.  The  operation  of  the  signal  is  effected  by 
breaking  or  closing  the  current  through  an  electro-magnet  in  such  a 
manner  that  the  signal  is  clear  as  long  as  the  current  is  closed,  but 
goes  at  once  to  danger  when  it  is  broken. 

In  Hall's  signal  the  electric  current  serving  the  signal  brings  into 
action,  not  a  mechanism,  but  the  electro-magnet  of  a  powerful  local 
battery.  The  apparatus  works  with  a  closed  circuit.  The  signal 
is  given  by  a  disc  of  red  silk  within  a  water-tight  casing  on  a  signal 
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pole.  The  case  lias  a  circular  opening  on  each  side  facing  an  approach- 
ing or  receding  train.  The  disc  is  held  in  the  all  clear  position  by 
an  oloctro-niaguet,  through  ^vhich  a  permanent  current  i)asses.  If 
this  current  is  broken  the  red  disc  is  released  and  becomes  visible  at 
the  opening.  In  the  daytime  the  disc  is  illuminated  by  the  daylight 
from  behind  it;  at  night  by  a  lantern  placed  behind  it.  Recently,  ac- 
cording to  statements  of  Messrs.  F.  Elite  and  von  Borries,  this  signal 
is  said  to  have  been  made  in  the  form  of  a  blade,  and  the  colorless 
glass  behind  it  replaced  by  a  pane  of  ground  glass.  The  signal  then 
has  the  same  ajjpearance  by  day  and  by  night.  When  xised  as  a  distant 
signal,  green  silk  is  used  instead  of  red. 

Hall's  signal  is  extensively  used  on  American  roads,  and  is  highly 
spoken  of.  In  quite  a  number  of  electrically  operated  signals  used  in 
America,  open  circuits  as  well  as  alternating  induction  currents  are 
used.  They  have  the  peculiarity  that  the  signal  arm  rotates  about 
an  axis  close  to  its  center  of  gravity. 

Noticeable  also  is  the  semaphore  signal  of  Currie  k  Timmins,  of 
London  (shown  at  the  Paris  Exhibition  of  1889),  in  which,  also,  the 
signal  is  set  by  electricity.  Specially  constructed  tubular  electro- 
magnets are  used,  which  attract  the  armature  up  to  a  distance  of  3  ins. 
with  approximately  uniform  force.  At  night  the  signals  are  given  by 
incandescent  lamps,  and  for  this  purpose  the  semaphore  has  a  contact 
which,  according  to  the  position  of  the  arm,  sends  a  current  to  the 
red  or  the  green  lamp.     The  bulbs  are  colored. 

The  Union  Switch  and  Signal  Company,  in  Pittsburg,  has  developed 
a  system,  devised  by  Westinghouse,  in  which  compressed  air  is  used 
to  operate  the  signals.  The  semaphore  is  normally  horizontal,  and  is 
held  in  this  jjosition  by  a  counterweight.  At  the  foot  of  the  mast  is 
a  reservoir  of  compressed  air,  and  on  the  mast  is  a  cylinder  whose 
piston  is  connected  with  the  signal  arm.  When  compressed  air  is  let 
into  the  cylinder,  its  piston  is  forced  down,  and  carries  the  signal  to 
the  safety  position.  This  operation  is  effected  by  an  electro-magnet, 
whose  armature  opens  a  valve  to  which  it  is  connected.  When  the 
current  is  broken,  a  spring  closes  the  valve  and  allows  the  comjjressed 
air  to  leave  the  cylinder,  and  the  counterweight  then  carries  the 
signal  to  the  danger  position.  Any  failtire  of  the  current  brings  the 
signal  to  danger. 

The  American  Pneumatic  Company,  of  Boston,  has  introduced  an 
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automatic  system  for  block  and  other  signals,  in  wliicli  a  current  of  air 
serves  to  transmit  the  motion.  The  signal  is  moved  by  a  train  of 
mechanism  which  is  operated  by  the  movement  of  a  track  lever.  The 
release  of  the  mechanism  is  effected  by  a  bellows,  which  is  set  in  operation 
by  the  pressure  of  the  first  wheel  of  the  engine.  The  air  contained  in 
the  bellows  is  forced  through  a  lead  pipe  f  in.  in  diameter,  with  a 
velocity  of  600  ft.  per  second,  to  a  reservoir  at  the  foot  of  the  signal 
mast,  which  is  closed  by  a  diaphragm.  With  this  diajahragm  is 
connected  the  release  of  the  mechanism.  Each  signal  is  generally  con- 
nected with  two  jjair  of  bellows,  of  which  one  brings  the  signal  to 
safety,  the  other  to  danger. 

By  the  arrangement  just  described,  not  alone  signals,  but  other 
signal  api)aratus,  can  be  operated,  such  as  screens,  alarms,  and  even 
crossing  gates.  On  the  pipe  from  one  bellows  6  to  8  connections  can  be 
made,  jjrovided  they  are  all  to  be  operated  in  a  certain  direction  at 
the  same  moment. 

Recently  the  Italians  Bianchi  and  Servettaz  have  made  successful 
attempts  to  use  water,  though  inelastic,  to  transmit  the  motion  for  set- 
ting switches  and  signals.  To  prevent  freszing  it  is  mixed  with 
glycerine.  The  water  is  stored  in  an  accumulator  under  a  pressure  of 
50  to  60  atmospheres.  The  movement  of  a  switch  is  effected  by  means  of 
two  simple  cylinders  having  the  same  piston.  For  operating  a  signal 
one  cylinder  is  sufficient,  the  hydraulic  pressure  giving  the  safety 
signal,  while  the  signal  is  carried  to  danger  by  a  weight  when  the 
pressure  is  removed  or  in  case  a  pipe  breaks. 

Fog  Signals — The  worst  enemy  of  safe  railroad  operation  is  fog, 
which  not  only  prevents  the  engineer  from  seeing  the  track  ahead,  but 
also  obscures  danger  signals.  Various  means  have  been  tried  to  remedy 
this  evil. 

Thus  far  the  most  successful  are  torpedoes,  of  which  for  safety  two 
are  placed  upon  the  rail  at  a  suitable  distance  in  front  of  a  danger 
signal,  and  which  must  be  removed  when  the  signal  goes  to  safety. 
Torpedoes  are  used  to  signify  "  stop  at  once." 

The  rei^eated  putting  on  and  taking  off  of  torpedoes  is  rather 
troublesome  if  it  is  done  by  special  watchmen.  The  danger  of  mistake 
and  the  danger  of  walking  on  the  track  in  a  fog  have  led  several  roads 
to  have  recourse  to  special  devices  by  which  the  torpedoes  are  jjlaced 
upon  and  removed  from  the  rails  by  mechanical  ai3j)aratus  interlocked 
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■vvitli  the  siguala.  But  eveu  these  devices  are  ojien  to  the  olDJection 
that  they  require  personal  attention  in  order  to  rejjlace  at  once  every 
exploded  torpedo  with  a  fresh  one.  The  attempt  has  therefore  been 
made  to  do  even  this  automatically,  within  certain  limits,  and  also  to 
remove  the  nncertainty  attending  the  blow  struck  by  the  rolling 
Avheels.  To  accomi)lish  the  last  result  a  sj^ecial  striking  a2)paratus  is 
introduced  between  wheel  and  torpedo,  as  in  the  "  revolver  torpedo  " 
of  Seholkmann  and  the  torpedo  signal  used  on  the  New  York  elevated 
roads  at  turnouts  and  crossings.  In  the  first  named,  12  pair  of  torpe- 
does are  i)laced  in  a  drum,  thus  serving  for  quite  a  series  of  signals  ; 
in  the  latter  the  torpedoes  are  replaced  automatically  from  a  supply 
chamber. 

Another  kind  of  fog  signal  consists  in  connecting  the  distant  signal 
with  a  bell  having  one  or  two  hammers,  which  rings  when  the  signal  is 
at  danger.  The  motion  of  the  hammers  is  derived  from  a  track  lever 
which  is  alternately  depressed  by  each  wheel  of  the  train  and  raised 
by  a  spring.  When  the  signal  is  at  safety,  the  lever  is  depressed  so  as 
not  to  be  touched  by  the  wheels.  , 

On  the  Government  roads  of  Alsace-Lorraine  the  signal  disc  of  a 
distant  signal  is  replaced  by  a  shallow  bell  against  which  the  hammers 
strike  when  the  signal  is  at  danger.  The  bell  is  horizontal  when  the 
signal  is  at  safety. 

On  other  roads  alarms  are  in  use  like  those  of  alarm  clocks.  They 
consist  essentially  of  a  clockwork  actuated  by  a  weight,  which  is 
released  by  means  of  a  lever  close  to  the  rail.  The  bell  is  struck 
rapidly  by  a  hammer,  and  rings  until  after  one  revolution  of  one  of  the 
gear  wheels  it  is  automatically  stopped. 

The  firm  of  Max  Jiidel  &  Company,  in  Brunswick,  has  recently  pro- 
posed to  improve  distant  signals  by  the  addition  of  a  fog  horn,  which 
is  to  be  blown  by  a  pair  of  bellows  operated  by  a  track  lever  close  to 
the  rail.  It  is  a  remarkable  fact  that  the  fog  horn  is  more  eflfective 
when  the  sound  follows  the  train  than  when  the  horn  is  blown  in  front 
of  the  train. 

Other  devices  are  those  intended  to  operate  directly  upon  the  loco- 
motive whistle  or  upon  the  train  brakes.  All  these  devices,  how- 
ever, require,  in  addition  to  an  aiapliance  between  the  rails  which  is 
raised  or  lowered  according  as  the  visible  signal  is  at  danger  or  at 
safety,  a  si^ecial  mechanism  in  the  locomotive,  which,  when  the  distant 
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signal  is  at  danger,  comes  in  contact  with  the  raised  bars  between  the 
rails,  and  blows  the  whistle  or  sets  the  brakes.  The  necessity  of 
applying  such  apparatus  to  every  locomotive  which  runs  over  the  road 
limits  the  general  apialication  of  this  kind  of  device. 

Tell-Tale  Apparatus. — It  is  of  the  greatest  importance  that  the  man 
operating  a  signal  shall  be  assured  that  the  signal  has  actually  taken 
the  desired  jiosition.  This  is  easily  attained  in  the  daytime  when  the 
signals  are  near  by.  In  order  to  inform  him  with  certainty  at  night,  the 
lamp  is  allowed  to  shine  backwards  as  well  as  forwards,  with  different 
colors,  according  to  the  position  of  the  signal,  excluding,  however,  the 
signal  colors  red  and  green. 

When  the  signal  is  farther  away,  or  when  it  is  invisible  to  the 
operator  on  account  of  intervening  obstacles,  special  devices  are  neces- 
sary which,  partly  mechanically  and  partly  electrically,  inform  the 
operator  or  station  agent  of  the  j^osition  of  the  distant  signal.  The 
mechanical  devices  consist  of  duplicate  signals,  which  follow  the  mo- 
tions of  the  princii3al  signals,  but  are  set  up  in  view  of  the  operator. 
In  course  of  time  these  have  been  discarded  as  too  unwieldy,  and  at 
liresent  electrical  ajDi^aratus  is  princii^ally  emijloyed. 

The  simplest,  yet  absolutely  reliable,  device  is  the  bell  generally 
used  on  the  French  roads,  called  "  Trembleuse. "  These  bells  stop 
automatically  ;  they  ring  only  when  an  electric  current  passes  through 
the  tell-tale  circuit.  When  the  distant  signal  is  normally  at  safety,  the 
current  is  broken,  and  is  only  closed  when  the  signal  goes  to  danger.  As 
long  as  the  liell  rings  the  ojierator  is  sure  that  the  signal  is  at  danger. 

Similar  tell-tale  bells  are  used  on  the  Austrian  roads. 

For  signals  which  stand  normally  at  danger,  these  bells  are  not 
suitable,  since  they  cannot  be  rung  continuously;  while  if  the  circuits 
are  changed  so  that  they  only  ring  when  the  signal  is  at  safety  their 
silence  would  afford  no  security  that  the  signal  really  was  at  danger. 
Moreover,  if  they  ring  almost  without  interruption  they  are  often  un- 
endurable. F.  Gattinger  has  therefore  constructed  an  automatic  cur- 
rent breaker  which  by  means  of  a  swinging  disc  or  a  pendulum  only 
closes  the  current,  say,  every  second. 

In  England  visible  tell-tales  are  universally  tised  which  not  only 
indicate  the  jjosition  of  the  signals,  but  also  show  the  ojierator  an 
actual  view  of  the  signal  itself,  and  are  therefore  called  "signal  re- 
peaters. " 
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An  excellent  tell-tale  is  the  galvauoseope,  if  properly  arranged  ;  in 
this,  however,  as  in  all  electrical  tell-tales,  one  position  of  the  signal 
shonld  not  be  indicated  by  an  interrnption  of  the  current,  since  the 
same  effect  might  be  produced  by  a  break  in  the  circiiit.  On  the  other 
hand,  there  ought  to  be  a  current  in  the  circuit,  both  when  the  signal 
is  at  danger  and  when  it  is  at  safety,  while  a  third  position  shows  a 
break  in  the  current  or  some  accident  to  the  circuit. 

It  is  also  of  the  greatest  importance  that  at  night  the  signal  lanterns 
be  really  lighted.  In  most  cases  this  is  assured  by  simply  letting  the 
lanterns  throw  their  light  backwards  as  well  as  forwards.  The 
position  of  the  signal,  however,  may  render  this  simple  means  impos- 
sible. In  such  cases,  electrical  control  apjjaratus  is  made  use  of.  This 
consists  in  a  contact  apparatus  in  which  the  making  or  breaking  of  the 
current  is  effected  by  the  change  of  length  of  metal  strips,  due  to  the 
burning  or  extinguishing  of  the  lamp.  The  contact  apparatus  miist 
be  very  delicate  in  order  to  indicate  after  a  few  seconds  the  extinction 
of  the  lamp.  In  the  operator's  room  there  is  an  indicator  consisting 
of  a  galvanoscope  which,  when  the  current  is  broken,  shows  behind  the 
little  window  of  the  case  a  colored  disc  with  a  notice  such  as  "  light 
otit."  Sometimes,  also,  alarms  are  inserted  in  the  circuit,  which  ring 
when  the  lamp  goes  out. 

Pakt  n. — Aj>pllICation  of  Fixed  Signals. 

1.  English  signal  system. 

Distant  signal;  home  signal;  station  signals. 

2.  Belgian  signal  system. 

Distant  signal. 

3.  French  signal  system. 

Circular  discs;  protection  signal;  square  signal  discs;  junc- 
tion signals;  facing  switch  signals. 

4.  German  signal  system. 

Continuous  line  signals;  distant  signals;  home  signals;  mast 
signals. 

5.  Position  of  signals. 

Distant  signals;  local  or  home  signals;  station  signals. 
1.   English   Signal  System. — In  foggy  England,   where  in  order  to 
avoid  highway  grade  crossings   the  railways   lie  frequently  in   deep 
cuts,  and  have  many  curves,  it  was  soon  foixud  that,  in  order  to  surely 
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prevent  accident  at  any  point  of  danger,  it  was  necessary  to  j)lace  the 
coiTespouding  signal  at  a  considerable  distance  from  this  point.  Thus 
arose  the  "distant  signal,"  which  is  a  characteristic  of  the  English 
signal  system.  By  its  means  head  and  rear  collisions  were  guarded 
against,  long  curved  cuts  and  tunnels  that  could  not  be  seen  through 
were  jirotected,  and  it  was  also  possible  to  communicate  definite  in- 
formation or  instructions  to  points  a  long  distance  away,  or  when  a 
station  or  other  joortion  of  the  track  was  blocked,  to  jarevent  a  too 
close  approach  of  trains  to  each  other. 

In  the  congress  at  Birmingham,  already  mentioned,  it  was  agreed 
that  signals  should  normally  stand  at  danger. 

If  the  distant  signal  is  at  danger  it  presents  to  an  approaching 
train  by  day  the  full  round  disc  or  the  horizontal  blade,  and  at  night 
red  light.  If  it  is  at  safety,  the  disc  shows  only  its  edge,  or  the  sema- 
j)hore  is  inclined  at  45  to  60-,  or  at  night  green  light  is  shown.  If  a 
locomotive  runner  sees  his  distant  signal  at  danger,  he  must  at  once 
shut  off  steam  and  apply  the  brakes,  so  as  to  be  able  to  stop  at  the 
distant  signal.  If  he  then  sees  that  the  track  is  clear,  he  is  to  proceed 
slowly,  covered  by  the  distant  signal,  always  keeping  his  train  under 
such  control  that  he  is  able  to  stop  quickly  if  any  obstacle  ajJiJears. 

If  a  train  has  run  by  the  distant  signal,  and  is  near  the  point  of 
danger  (the  end  of  a  section  in  the  case  of  the  block  system,  or  the 
switch  in  the  case  of  a  junction  or  the  entrance  to  a  station,  or  a  grade 
crossing,  etc.),  it  is  then  necessary  to  give  the  engineer  definite  orders 
as  to  his  future  movements.  For  this  purpose  a  "home  "  signal  mast 
is  erected  at  a  suitable  point  near  the  point  of  danger,  carrying  a  blade 
distinguished  from  that  of  the  distant  signal  by  having  a  square  end 
while  the  distant  signal  blade  has  a  notched  end. 

If  several  tracks  diverge  from  one  main  track,  as  many  blades 
are  generally  placed  above  one  another  on  the  home  .signal  mast  as 
there  are  tracks  for  an  approaching  train.  The  rule  is  that  the  blades 
from  top  to  bottom  correspond  to  the  tracks  from  left  to  right. 

At  night,  the  home  signal  shows  the  same  color  as  the  distant 
signal.     No  engineer  is  allowed  to  run  by  a  home  signal  at  danger. 

Station  signals  are  generally  placed  behind  the  home  signals  at 
block,  junction,  or  other  stations,  and  regulate  the  dej^arture  of  trains. 
They  resemble  the  home  signals  completely  in  form  and  meaning. 

2.  Belgian  Signal  System. — On  the  Belgian  roads  the  signal  system 
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has  been  developed  quite  closely  after  tlie  pattern  of  the  English.  The 
home  signals  are  precisely  the  same,  in  form  and  meaning;  the  distant 
signals,  however,  differ  in  form  considerably  from  the  English.  They 
are  in  the  form  of  discs,  to  distinguish  them  better  from  the  home 
signals;  and  in  order  that  they  may  conform  to  the  principle  of  giving 
definite  signals  for  safety  and  danger,  they  show  when  at  danger  an 
elongated  rectangular  blade,  or  at  night  red  light,  and  when  at  safety 
they  present  a  stpiare  disc,  or  green  light. 

3.  French  Signal  System. — The  distant  signal  was  adopted  in  France 
in  its  original  form  of  a  rotating  disc,  and  this  form  has  been  preserved 
to  the  present  day.  Indeed,  France  is  the  country  in  which  the  fewest 
experiments  have  been  made  in  signaling.  The  French  roads  are  even 
to-day  operated  for  the  most  part  by  the  system  of  time  interval,  and 
this  system  has  become  such  an  integral  part  of  the  French  railroad 
system  that  notwithstanding  its  defects,  comparatively  good  results 
are  attained  with  it.  In  consequence,  safety  is  generally  indicated  by 
the  absence  of  signals. 

In  addition  to  the  distant  signal,  the  original  English  color  code 
was  adopted,  so  that  in  France  red  stands  for  danger,  green  for  caution, 
and  white  for  safety. 

Semaphores  as  distant  signals  have  been  used  only  on  the  Lyons 
road. 

When  the  French  distant  signal  is  at  danger,  it  shows  a  circular 
disc  or  a  red  light.  In  the  safety  position  the  disc  is  parallel  to  the 
track,  and  white  light  is  shown  at  night.  "When  an  engineer  sees  a 
disc  or  a  red  light,  he  must  at  once  reduce  speed  and  proceed  only  at 
such  a  speed  that  he  is  able  to  stop  within  the  length  of  track  in  sight, 
should  he  see  any  obstacle,  or  another  danger  signal.  In  any  case  the 
train  must  be  brought  to  a  stop  either  before  the  first  switch  or  the 
first  crossing  of  railway  or  highway,  or  before  the  point  for  which  the 
disc  serves  as  the  signal,  and  it  can  only  proceed  under  further  signals 
or  verbal  instructions  from  the  conductor  or  the  station  master. 

To  each  circular  disc  corresponds  a  protection  signal  (disque  de 
protection),  illuminated  at  night,  which  shows  the  point  beyond  which 
the  disc  aflfoi-ds  jjrotection,  excei^t  in  bad  weather.  If,  therefore,  a 
train  which  has  run  by  a  disc  signal  stops  before  its  rear  has  reached 
the  i^i'otection  signal,  it  is  not  to  be  considered  as  sufiiciently  pro- 
tected in  the  rear. 
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Besides  these,  square  (home)  signal  discs  are  in  use  on  the  French 
roads,  which  are  located  close  to  the  points  to  be  protected.  "When 
these  show  the  full  disc,  or  at  night  a  double  red  light,  they  command 
an  immediate  stop. 

The  normal  position  of  the  distant  signal  is  at  safety,  but  it  stands 
at  danger,  of  course,  as  long  as  the  home  signals  at  danger. 

Junction  points  of  French  roads  are  j)rotected  by  distant  signals, 
which  present  the  same  ajjpearance  by  day  as  by  night,  namely,  in 
white  letters  on  a  green  field  the  word  "Bifujr"  (caution).  At  such 
signals  the  engineer  must  prepare  to  stop,  should  it  be  necessary,  at 
the  square  home  signal  for  which  the  junction  signal  is  the  preparatory 
or  distant  signal. 

Finally,  signals  are  erected  in  front  of  every  facing  switch  {signal 
de  direction).  These  signals  consist  of  a  mast  upon  which  are  placed 
as  many  arms,  one  above  the  other,  as  there  are  diverging  tracks. 
The  arms,  from  top  to  bottom  in  order,  refer  to  the  tracks  in  order 
from  left  to  right.  The  arms  are  hinged  at  their  centers  of  gravity, 
and  can  assume  only  two  positions,  viz. ,  the  horizontal,  which  is  a  stoj> 
signal  for  the  track  to  which  it  refers,  and  the  inclined  position,  which 
denotes  that  the  switch  is  set  for  the  track  in  question.  At  night,  the 
horizontal  arms  show  \'iolet  light,  the  arms  inclined  obliquely  down- 
ward show  white  light,  or  green  light  if  the  switch  is  to  be  taken  at  a 
reduced  speed. 

On  approaching  a  junction  or  a  facing  switch  provided  with  signals, 
the  engineer  must  indicate  the  track  he  desires  to  take  by  a  correspond- 
ing number  of  long  blasts  of  the  whistle,  without  regard  to  the  position 
of  the  signal. 

4.  German  Signal  System. — The  lack  of  political  unity  in  Germany 
at  the  time  when  railroads  were  introduced  affected  many  things  un- 
favorably, and  especially  the  signal  system.  M.  M.  von  Weber,  in  his 
time,  counted  on  some  60  railway  systems  over  90  different  ideas  to  be 
given  by  sigaals,  for  which  more  than  1  000  different  forms  of  signals 
were  provided.  A  voluntary  association — the  Germany  Railway  Asso- 
ciation— endeavored  to  bring  order  out  of  the  chaos  which  existed  in 
the  railway  system,  and  succeeded  so  well  that  even  before  the  political 
union  of  Germany  its  standards  were  generally  recognized,  and  the  asso- 
ciation itself  comprised,  not  only  all  the  railroads  of  Germany,  but  also 
roads  in  Austria-Hungary,  Luxemburg,  Russia,  Holland  and  Belgium. 
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The  sigual  code  for  Gormau  railways  adopted  by  the  Buudesrath, 
Jiily  5th,  1892,  to  go  into  effect  January  1st,  1893,  contains  35  signal 
ideas,  for  which  65  forms  of  signal  are  allowed. 

Characteristic  of  the  German  and  still  more  of  the  Austrian  signal 
systems  ai-e  the  continuous  signals  of  the  aj^proach  of  a  train.  The 
English  roads,  with  their  heavy  traffic,  and  also  the  French  roads, 
adopted  the  principle  that  the  road  must  always  be  in  a  condition  as 
if  a  train  were  expected.  But  in  Germany,  in  consideration  of  the 
many  grade  crossings,  it  was  thought  desirable,  before  a  train  left  any 
station,  to  notify  the  next  station  and  all  the  line  employees  (gatemen, 
etc. )  between  the  two  stations. 

On  the  English  roads  each  section  of  track  is  protected  by  a  distant 
signal  which  is  normally  at  danger,  and  is  only  placed  at  safety  to 
allow  the  passage  of  a  train,  after  which  it  is  at  once  returned  to  the 
danger  position.  On  the  French  roads,  the  track  is  normally  clear, 
and  is  protected  by  a  danger  signal  whenever  there  is  anything  to 
prevent  the  passage  of  a  train,  such  as  a  grade  crossing  at  which  the 
gates  are  open,  or  when  shifting  is  going  on  upon  the  tracks  at  a 
station,  etc. 

In  Germany,  before  the  introduction  of  electricity  into  railroad 
operation,  masts  with  semajDhores  (or  other  signals)  were  so  erected 
along  the  line  that  they  could  be  seen  from  one  another,  and  the  signal 
of  the  departure  of  a  train  from  a  station  was  given  from  mast  to  mast 
to  the  following  station.  The  semaphore,  inclining  obliquely  upward, 
at  the  same  time  indicated  to  the  engineer  that  his  train  was  expected. 
As  the  location  of  the  signals  was  generally  chosen  at  crossings  and 
other  more  or  less  dangerous  points,  this  system  afforded  great  safety,. 
but  required,  on  the  other  hand,  a  great  many  employees. 

The  numerous  interruptions  which  this  system  of  optical  telegraphy 
was  subject  to  on  account  of  fog  and  bad  weather  led  the  German 
railroad  companies  very  soon  to  adopt  generally  the  apparatus  used 
for  electrical  telegraphy — at  first,  dial  apparatus,  and  very  soon,  the 
Morse  apparatus.  At  present,  on  German  railways  there  are  few 
switchmen  who  are  not  familiar  wdth  the  use  of  the  Morse  apparatus, 
and  even  many  of  the  laborers  are  able  to  receive  and  send  dispatches. 

Since  trains  could  then  be  announced  electrically  from  station  to 
station,  signal  masts  along  the  line  were  abandoned,  but  in  place  of  them 
an  electric  apparatus  was  introduced  which  announced  the  approach 
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of  a  train  to  the  gate-tenders  at  important  liigliway  crossings  and  at 
other  dangerous  points,  as  well  as  to  trackmen.  This  apparatus  is  the 
electric  alarm  of  Siemens  and  Halske.  It  consists  of  a  bell  which  can 
be  sounded  electrically  from  a  more  or  less  distant  jjoint,  such  as  a 
station  or  a  gate-tender's  house.  The  signals  are  given  either  by  a 
single  stroke,  or  certain  combinations  of  strokes,  and  the  striking  ap- 
paratus is  designed  accordingly.  In  Germany,  the  number  of  bell 
signals  to  be  given  is  small,  and  the  apparatus  is,  therefore,  almost 
always  inserted  in  an  open  circuit,  and  generally  operated  by  magneto- 
electric  apparatus,  less  frequently  by  dynamo-electric  apparatus. 
In  Austria,  on  the  contrary,  at  every  watchman's  cabin  on  the  line,  not 
only  simple  bell  signals  are  to  be  given,  but  other  information  is  to  be 
communicated  to  station  and  track  employees,  and  the  apparatus  is 
therefore  almost  always  inserted  in  a  closed  circiiit,  in  order  to  avoid 
the  necessity  of  jsroviding  every  signal  cabin  with  a  source  of  current. 
It  is  thus  possible  to  insert  Morse  apparatus  in  the  Hne,  which,  how- 
ever, is  not  impossible  when  induction  apparatus  is  used.  The  various 
bell  signals,  in  the  case  of  a  closed  circuit,  are  given  by  breaking  the 
circuit,  for  which  automatic  devices  are  frequently  used. 

Bell  signals  have  recently  been  introduced  on  the  Northern  Railway 
of  France,  and  on  the  Paris-Lyons-Mediterranean  Railway.  After  the 
introduction  of  the  electric  bell  signals,  mast  signals  in  Germany,  and 
discs  in  Austria,  were  in  general  only  used  as  distant  signals  for  pro- 
tecting stations,  switches  and  crossings.  The  ujjward  inclined  arm, 
or  the  edge  of  the  disc,  or,  at  night,  green  light,  meant  all  clear. 
The  horizontal  or  normal  position  of  the  arm,  or  the  full  disc,  or,  at 
night,  red  light,  meant  "stop."  This  resiilted  in  trains  stopping  often 
at  a  considerable  distance  away,  without  rear  protection,  and  without 
knowledge  as  to  the  cause  of  the  stop.  Moreover,  in  case  of  fog,  or 
bad  weather,  the  engineer  might  not  always  be  able  to  stoj)  his  train 
before  reaching  the  signal,  in  sjjite  of  the  penalty  of  dismissal,  so  that 
without  backing  up  he  would  be  without  signals  for  his  further  guid- 
ance. This  difficulty  has  been  remedied  in  Germany,  and  first  in 
Prussia,  by  j^lacing  the  mandatory  signal  nearer  the  danger  point,  its 
position  being  indicated  to  an  api^roaching  train  by  a  distant  signal. 
The  distant  signals,  which  are  generally  connected  automatically  with 
the  home  signals,  are  round  discs  rotating  about  a  vertical  or  horizon- 
tal axis,  the  disc  or  green  light  showing  when  the  home  signal  is  at 
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dauger,  auil  ouly  the  edge  or  wliite  light  wheu  the  signal  is  "all 
clear."  Engineers  may  nin  by  a  distant  signal  at  danger,  the  train 
being  under  control  so  that  it  can  be  stoj^ped  at  the  home  signal. 

Green  light  is  chosen  for  "danger  "  at  distant  signals,  because  in 
Germany  the  rule  is  strictly  adhered  to  that  the  engineer  shall  under 
no  circumstances  run  by  a  red  signal.  Adherence  to  this  rule  has  led 
to  a  peculiar  develoiiment  in  the  case  of  the  mast  signals.  As  already 
stated,  the  simple  semaphore,  in  its  normal  danger  position,  is  extended 
horizontally  to  the  right,  or,  at  night,  shows  red  light;  while  safety  is 
indicated  by  the  arm  i^ointing  obliquely  upwards  to  the  right,  or  by 
green  light. 

Aside  from  the  fact  that  in  Germany,  where  trains  run  right-handed, 
the  engineer  is  governed  by  the  arm  extended  towards  the  light,  and 
that  this  arm  is  raised  instead  of  lowered  into  the  all-clear  position, 
this  signal  agrees  entirely  with  the  English  semaphore.  The  case  is 
different,  however,  at  junctions,  when  it  is  necessary  to  place  signals 
for  the  main  and  branch  lines  on  one  mast.  In  this  case  (in  Germany) 
the  mast  has  two  or  three  arms  and  lanterns,  over  each  other.  The 
lower  arms  or  lanterns  are  only  used  when  a  train  is  to  be  diverted 
from  the  main  line.  "When  the  main  line  signal  (upper)  is  at  all  clear 
or  at  danger,  the  lower  arms  are  vertical,  and  show  no  light.  By  this 
arrangement,  when  the  track  is  blocked,  only  one  red  light  is  visible 
at  night.  If  the  main  line  is  all  clear,  one  green  light  is  shown  ;  if  the 
first  branch  is  all  clear,  two  gTeen  lights,  and  if  the  second  branch  is 
all  clear,  three  green  lights  above  each  other.  Eed  light  is  never 
shown  when  any  track  is  all  clear. 

These  signals  give  no  information  as  to  the  direction  of  the  turn- 
out ;  and  more  than  three  arms  are  not  jDlaced  on  one  mast  ;  if  there 
are  more  than  three  lines,  additional  masts  must  be  erected. 

The  English  practice  regarding  the  arrangement  of  several  signals 
on  one  mast  differs  therefore  from  the  German  in  that  the  English  place 
as  many  arms  or  lanterns  above  each  other  as  there  are  diverging  tracks, 
and  that  all  of  these  lights  show  normally  red.  Only  the  one  signal 
governing  the  all-clear  track  is  placed  at  safety,  or  shows  green  light. 
Wliile  this  is  contrary  to  the  German  rule  never  to  run  by  a  red  light, 
it  serves  as  an  excellent  guide  for  the  engineer,  who  (as  in  the  case  of 
the  new  French  "dii*ection  signals  ")  can  tell  at  once  from  the  number 
of  arms  or  lanterns,  not  only  the  number  of  diverging  tracks,  but  which 
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one  is  all  clear.  There  is  in  this  method  no  limit  to  the  number  of 
signals  on  one  mast. 

Position  of  the  Signals. — The  position  of  a  distant  signal,  in  order 
that  the  engineer  may  recognize  it  as  intended  for  him,  is  not  a  matter 
of  indifference.  As  a  rule  it  is  ijlaced  close  to  the  track  which  it 
governs,  and  on  the  side  of  the  engineer.  In  general,  the  signal  need 
not  be  over  3  to  4  m.  above  the  ground,  so  that  the  engineer  of  an  ap- 
proa'ching  train  may  be  able  to  see  its  i^osition  distinctly  even  in  the 
worst  weather  or  the  thickest  fog. 

In  France,  great  imijoi-tance  is  attached  to  the  position  of  the 
signal,  and  it  is  prescribed  by  the  Minister  of  Commerce  that  if  there 
should  not  be  sufficient  room  for  a  signal  between  the  tracks  at  the 
proper  i^oiut,  it  is  to  be  jalaced  on  an  overhead  footway. 

The  distance  of  a  distant  signal  from  the  point  to  be  protected  de- 
pends principally  ujDon  the  gi-ade  of  the  track,  the  sj)eed  of  trains,  and 
the  number  of  brakes  applied.  In  England,  the  distance  has  been 
generally  1  300  to  2  600  ft.  (400  to  800  m.);  in  France,  2  000  to  2  600 
ft.  (600  to  800  m.).  On  account  of  increase  in  sjieed  of  trains  without 
corresponding  increase  in  number  of  brakes,  it  has  been  necessary  in 
France  to  increase  this  distance  to  3  300  to  4  000  ft.  (1  000  to  1  200  m.) 
or  in  some  eases  even  to  6  500  ft.  (2  000  m.).  In  Germany,  of  late,  a 
distance  of  2  000  ft.  (600  m.)  has  generally  been  assumed,  in  which  a 
train  may  be  stopped,  from  the  point  where  the  signal  becomes  visible 
(including  time  required  to  apply  brakes) ;  and  on  this  basis  the  number 
of  brakes  is  varied,  according  to  the  grade  and  the  maximum  s^jeed. 

Home  signals  are  generally  jjlaced  as  near  the  i^oint  of  danger  as 
the  local  conditions  admit. 

If  there  is  a  facing  switch  at  the  entrance  to  a  station,  it  is  con- 
sidered the  point  of  danger,  and  in  Germany  the  station  signal  is  some 
160  ft.  (50  m.)  beyond.  If  the  track  which  the  signal  governs  is  oc- 
casionally used  for  switching,  the  danger  point  is  taken  as  the  furthest 
point  so  used. 

If  several  i^arallel  lines  run  into  one  station,  the  same  number  of 
entrance  signals  are  to  be  erected  side  by  side,  each  with  its  distant 
signal. 

If  trains  on  the  same  line  enter  the  station  by  two  or  three  different 
tracks  which  are  to  be  designated  by  signals,  the  entrance  signal  mast 
has  corresi^ondingly  two  or  three  arms  above  each  other. 
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Signals  for  tleparture  from  a  station  are  in  (Germany,  as  a  rule,  only 
used  when  departing  trains  have  to  run  over  one  or  several  facing 
switches.  The  switches  and  signals  being  connected,  the  position  of 
the  signal  shows  the  station  employees  whether  the  switches  are  right 
for  the  departing  train.  The  position  of  the  starting  signal  must  be 
such  that  it  is  in  front  of  the  longest  train  that  it  governs. 

Starting  signals  can  also  be  used  in  order  to  preserve  the  distance 
of  a  station  between  trains  following  each  other.  If  two  or  more 
j)arallel  lines  lead  out  of  a  station  iu  the  same  direction,  the  same  num- 
ber of  starting  signals  are  arranged  side  by  side  in  a  line  at  right 
angles  to  the  tracks.  If  a  track  leading  out  of  a  station  diverges  in 
two  or  three  directions,  two  or  three  arms  are  to  be  placed  over  each 
other  on  the  same  mast. 

Part  III. — The  Train  Staff  System. 

Before  proceeding  to  the  block  system,  so  imijortant  for  railroad 
operation,  another  mode  of  operating  must  be  mentioned,  which,  in- 
deed, requires  no  signals,  but  which  can  be  regarded  as  the  precursor 
of  the  block  system.  This  is  the  "train  staff"  system,  which  takes 
its  name  from  the  fact  that  a  staff  is  used,  without  which  no  engineer 
is  allowed  to  run  over  the  section  governed  by  the  staff.  As  in  the 
block  system,  the  road  is  divided  into  sections,  there  being  a  station  at 
each  end  of  a  section.  One  staff  is  provided  for  each  section,  the 
different  staffs  being  distinguished  in  form  and  color,  and  frequently 
having  upon  them  the  names  of  the  two  end  stations  of  the  section. 
By  this  system  it  is  imjiossible  for  two  trains  to  be  on  the  same  section 
at  the  same  time. 

If  trains  or  engines  are  to  follow  each  other  in  the  same  direction 
before  the  staff  can  be  brought  back,  the  following  plan  is  followed  : 
The  engineer  of  the  fii-st  train  receives  from  the  station  agent  a  ticket 
stating  that  the  staff  will  follow,  and  at  the  same  time  he  is  shown  the 
train  staff  for  the  section.  This  is  done  in  the  case  of  every  train  leav- 
ing a  station  in  a  given  direction  before  a  train  comes  in  from  the  other 
direction,  excejst  the  last  train,  which  carries  the  staff  itself. 

The  box  in  which  the  "  train  tickets"  are  kept  can,  as  a  rule,  only 
be  opened  with  the  aid  of  the  corresponding  "  train  staff." 

Of  course  all  trains  must  stop  at  the  stations  between  sections. 

The  train  staff  system  is  considered  in  England  as  the  safest  method 
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of  ojDerating,  even  safer  than  the  electric  block  system.  The  train 
stajff  is  therefore  not  only  still  in  use,  but  has  also  been  much  imj^roved 
by  the  introduction  of  the  electric  train  staff. 

The  electric  train  staff  system,  as  used  on  the  London  and  North- 
western Eailway,  consists  essentially  in  having  vrithin  a  hollow  cast- 
iron  cylinder  a  number  of  train  staffs  of  the  same  shape  and  color  for 
a  certain  section  of  the  road.  These  staffs  can  only  be  taken  out  one 
by  one,  through  an  oj^ening  in  the  top  of  the  cylinder.  The  opening 
is  electrically  locked  from  the  following  station.  Every  train  must 
therefore  be  announced  to  the  following  station.  As  soon  ^s  a  staff  is 
taken  from  the  cylinder,  electrical  communication  is  broken  between 
the  two  stations  until  the  staff  is  placed  in  the  cylinder  at  the  follow- 
ing station,  and  not  till  then  can  the  arrival  of  the  train  be  telegraphed 
back.  It  is  thus  impossible  for  two  trains  to  be  in  the  same  section 
at  the  same  time. 

Paut  rV". — Block  SiGNAiiTNG. 

W.  F.  Cooke's  block  system. 

E.  Clark;  C.  V.  Walker;  E.  Tyer. 

Siemens  &  Halske. 

Lartige,  Fesse  and  Prudhomme's  electric  semaphore. 

Permissive  block  system.     Spagnoletti. 

Hall.     Union  Switch  and  Signal  Comjiany. 

American  Signal  Com^Dany. 

PJack's  block  signal. 

Concluding  remarks. 
Tfie  Block  System. — Starting  with  the  idea  that  every  point  of  a  rail- 
way was  a  point  of  danger  which  should  be  protected  by  signals,  W. 
F.  Cooke,  in  1842,  proj)osed  to  divide  a  road  into  sections,  and  to  allow 
only  one  train  or  engine  in  a  section  and  on  the  same  track  at  the  same 
time.  At  the  ends  of  the  sections  there  were  to  be  signal  stations  with 
semaphore  signals,  and  his  idea  was  that  the  semaphore  at  the  entrance 
to  a  section  was  to  be  a  distant  signal  operated  from  the  other  end  of 
the  section  and  placed  at  "all  clear"  when  the  section  was  free. 
Since,  however,  a  signal  could  not  be  operated  mechanically  from  a 
distance  of  2  to  3  miles,  he  placed  needle-telegrai3h  instruments  at  the 
ends  of  the  sections,  by  which  the  signal  operators  could  communicate 
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with  oai'h  other,  iiutl  thus  niako  suro  that  a  soctiou  was  clear  before 
alknviug  a  train  to  euter  it. 

Cooke  applied  this  system  in  1844  on  the  Eastern  Counties  Road,  but 
it  was  given  up  in  consequence  of  an  accident  Avhich,  however,  was  not 
attributed  to  the  system  itself.  In  fact,  this  so-called  "  block  system  " 
had  at  first  many  ojjponcnts  among  the  prominent  English  railway 
men,  on  account  of  the  fact  that  it  required  several  communications 
between  the  ends  of  a  section,  and  so  was  a  source  of  considerable 
delay  to  trains.  They  contented  themselves,  therefore,  by  providing 
telegraph  stations  at  the  entrances  to  timnels  and  at  similar  dangerous 
places  at  which  operators  were  stationed  who  could  control  trains 
antl  assure  safety  at  these  points. 

It  was  soon  found  necessary,  however,  to  return  to  Cooke's  system, 
and  at  the  present  time  the  block  system  is  recognized  as  the  greatest 
safeguard  in  railway  oj^eration.  The  details  of  the  system,  of  course, 
have  been  much  improved  since  Cooke's  day. 

Next  following  Cooke's  apiaaratus  was  probably  ne  needle  appa- 
ratus introduced  by  Edv/in  Clarke  on  the  London  and  Northwestern 
Railway  in  1853  and  1854.  As  a  train  approaches  a  signal  station  the 
operator  signals  to  the  station  in  advance  by  one  stroke  of  a  bell,  and 
if  the  section  is  clear  the  operator  there  by  the  deflection  of  the  needle 
to  the  right,  gives  the  signal  "  all  clear  "  if  no  train  is  in  the  section. 
Wlaen  the  train  has  entered  the  section,  it  is  announced  to  the  operator 
at  the  station  in  advance  by  tw'o  strokes  of  the  bell,  upon  w'hich  the 
latter  deflects  the  needle  to  the  left  and  signals  "line  blocked,"  in 
which jjosition  the  needle  remains  until  put  at  "all  clear"  for  a  fol- 
lowing train.  If  the  circuit  is  interrupted,  as,  for  instance,  if  a  train  is 
stalled  and  the  conductor  cuts  the  wire,  the  needle  takes  a  vertical 
position.  The  disturbances  of  the  needle  due  to  atmospheric  elec- 
tricity, which  were  originally  felt,  are  i^revented  by  the  use  of  "  Varley's 
safety  needles." 

In  the  meantime,  in  1852,  C.  V.  Walker  had  introduced  on  the 
Southeastern  Railway  a  signal  system  in  which  trains  were  signaled  by 
strokes  of  a  hammer  upon  a  bell.  Generally,  there  were  but  three 
signals,  namely  : 

One  stroke,  departure  of  a  train  for  London  (iip  train). 

Two  strokes,  departui'e  of  a  train  from  London  (down  train). 

Three  strokes,  arrival  of  a  train. 
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The  strokes  were  caused  by  jaresslng  a  button.  Every  signal  was 
acknowledged  by  repeating  to  the  sender.  This  audible  block  system 
was  in  1855  perfected  by  the  addition  of  a  visible  signal,  consisting  of 
a  miniature  double-armed  semaphore  framed  under  glass  and  hung  on 
the  wall  of  the  signal  station,  and  works  quickly  and  reliably.  One 
arm  of  the  semaphore  is  red  and  shows  the  signal  received  from  the 
adjacent  station,  while  the  other  is  white  and  shows  the  signal  given 
from  the  local  station.  Two  siJxing  keys,  one  red  and  one  white,  con- 
nect the  circuit  with  a  battery,  and  serve  to  give  the  bell  signals  and  to 
set  the  semaphores.  Pressing  the  white  key  sets  the  red  arm  at  the 
adjacent  station  and  the  white  arm  at  the  local  station  at  "  line  clear," 
while  at  the  same  time  the  bell  is  struck;  pressing  the  key  again 
strikes  the  bell,  but  does  not  aflfect  the  semaphores,  while  pressing  the 
red  key  brings  both  arms  back  to  "line  blocked."  The  inventor's 
object  was  to  devise  a  signal  which  should  be  the  counterjiart  of  the 
outdoor  semaphore  signals  given  to  trains.  With  Walker's  apparatus 
the  block  system  was  operated  with  the  greatest  strictness. 

A  patent  was  also  granted  in  1852  to  Tyer  for  a  signal  apj)aratus 
based  on  the  same  ideas  as  Walker's.  The  older  instruments  have  a 
black  indicator  for  aiTiving  trains,  and  a  red  indicator  for  departing 
trains;  while  in  the  newer  instruments  the  signal  is  given  by  a  minia- 
ture semaphone  with  a  red  and  a  white  arm.  While,  however.  Walker 
V-sed  two  wires,  one  of  which  operated  the  visible  and  the  other  the 
audible  signals,  Tyer  succeeded  in  giving  both  signals  vnth  one  wire, 
by  adding  a  ringing  key  and  a  relay.  Tyer's  aj^paratus  is  specially 
recommended  by  the  Board  of  Trade,  and  to  this,  as  well  as  to  the  fact 
that  it  requires  but  one  telegraph  wire,  it  owes  its  extended  use  on 
English  and  also  on  French  railways. 

The  block  signal  systems  thus  far  described  are  not  dependent  on 
the  corresj)onding  outdoor  signals  along  the  line,  but  are  simply 
telegraphic  apparatus  which  has  no  relation  to  the  outdoor  signals 
excejit  that  they  are  under  the  oversight  of  one  and  the  same  watch- 
man. 

In  Germany,  owing  to  the  fact  that  from  the  beginning  every  station 
had  been  equijiped  with  telegraph  apparatus  for  announcing  trains, 
the  introduction  of  the  block  system  was  less  difficult  than  elsewhere. 
At  i3resent,  Morse  printing  instruments  are  used  almost  without  excep- 
tion for  this   purj)ose,    i^ossessing  the  advantage  of  j)reserving   the 
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messages.  For  tho  iutroductiou  of  the  block  system  it  was  thus  only 
necessary  to  abandon  the  time  interval  system  previously  used,  and  to 
require  trains  to  follow  each  other  only  at  a  distance  of  a  section. 
The  fact,  however,  that  all  jirevious  block  systems  were  open  to  the 
objection  that  the  signals  received  by  the  signal  operator  had  to  be 
transferred  by  him  to  the  outdoor  signals,  led  Chief  Engineer  Frischen, 
of  the  firm  of  Siemens  &  Halske,  in  Berlin,  to  devise  a  block  signal  ap- 
paratus in  which  the  outdoor  signal  was  interlocked  with  the  block 
apparatus  in  such  a  way  that  it  was  impossible  for  the  operator  to  set 
an  outdoor  signal  at  "all  clear"  as  long  as  the  section  beyond  was 
blocked.  The  block  signal  apparatus  consists  of  a  cast-iron  box  hung 
on  the  Avail  of  the  signal  house,  and  in  which  are  two  small  openings 
in  which  a  white  or  a  red  disc  is  visible,  the  former  signifying  "all 
clear,"  the  latter  "stop."  Under  the  openings  are  arrows  showing 
the  directions  to  which  the  openings  refer.  Beneath  is  the  mechanism 
for  setting  the  outdoor  signal.  "  All  clear  "  is  shown  by  a  white  disc, 
and  "  line  blocked  "  by  a  red  disc.  The  discs  are  operated  by  means 
of  signal  keys,  besides,  which,  however,  there  are  so-called  ringing- 
keys,  for  indicating  by  an  alarm  the  aj^j^roach  of  a  train.  The  current 
is  generated  by  a  Siemens'  machine  giving  an  alternating  current  for 
oi^erating  the  block  signals,  but  w^hich  is  also  suitable  for  giving  the 
continuous  current  necessary  for  the  alarm.  The  alarm,  as  well  as  the 
block  signals,  reqiiire  but  one  line  wire  for  both  directions. 

Every  change  in  the  jDOsition  of  the  block  signal  disc  is  accompanied 
by  an  alarm  inside  the  cast-iron  box,  while  the  apjjroach  of  a  train  is 
indicated  to  the  signal  tender,  both  audibly  and  visibly,  by  an  alarm 
provided  with,  a  disc  signal,  so  that  he  may  at  the  proper  time  set  his 
track  signal  to  "all  clear."  The  alarm  may  also  be  used  to  communi- 
cate various  other  signals. 

The  locking  of  the  signal  lever  is  effected  by  a  lock  pressed  upward 
by  a  spring  under  the  signal  key. 

Each  pair  of  block  signals  connected  by  a  Avire  are  then  so  arranged 
that  they  must  always  give  opposite  indications.  A  signal-man  who 
causes  the  white  disc  to  appear  at  the  station  behind  him,  and  thus 
unblocks  the  section  changes  his  own  disc  to  red,  and  thus  blocks 
himself.  He  cannot  send  back  the  current  necessary  to  unblock  the 
section  till  he  has  set  his  out-door  signal  at  danger,  and  after  unblock- 
ing the  rear  section  he  cannot  set  his  out-door  signal  to  "all  clear" 
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until  tlie  following  section   is  unLlocked  by  signal  to  liim  fi-om  the 
station  in  advance. 

Since  each  change  of  a  block  signal  requires  21  alternating  currents, 
these  signals  are  completely  independent  of  the  effects  of  atmosj)heric 
electricity.  Moreover  the  use  of  the  induction  apjDaratus  overcomes 
all  the  difficulties  connected  "with  the  use  of  batteries,  so  that  the 
Siemens  and  Halske  block  system  apparatus  may  rightly  be  called  the 
most  complete  and  reliable  of  its  kind. 

A  peculiar  block  signal  was  proposed  by  Lartige,  Fesse,  and  Prud- 
homme,  which  has  been  used  since  1874,  at  first  on  the  Northei'n  Rail- 
way of  France,  and  afterward,  on  the  other  French  railways.  It  consists 
of  a  signal  mast  carrying  at  the  tojj  two  signal  arms,  one  for  each 
direction;  these  arms  carrying  also  the  lenses  for  the  night  signals, 
one  red  and  one  green.  The  green  glass  is  added  in  order  to  dis- 
tinguish the  red  light  of  this  signal  from  that  of  the  disc  signals.  All 
the  glasses  are  illuminated  by  a  single  lantern,  the  red  glass  by  direct 
light,  the  green  by  reflected  light.  Each  mast  carries  also  half  way 
up  two  small  arms  painted  yellow,  which  are  not  for  the  engineer,  but 
only  for  the  information  of  the  signal  ojjerator.  At  the  foot  of  the 
mast  are  fastened  boxes,  two  for  each  direction,  containing  the  operat- 
ing mechanism  and  alarms,  each  box  being  numbered  and  showing  also 
the  track  which  it  governs.  The  peculiarity  of  the  apparatus  consists 
in  the  fact  that  the  signal-man  himself  directly  places  the  arm  at  the 
l^receding  station  in  the  all-clear  position.  Each  signal  is  also  pro- 
vided with  a  distant  signal,  a  round  or  square  disc,  so  that  a  train  may, 
if  necessary,  be  stopped  at  the  home  signal,  thus  protecting  a  train 
standing  at  that  point.  The  distant  signals  are  operated  by  hand.  If 
the  two  sections  on  either  side  of  a  signal  mast  are  clear  of  trains,  all 
the  signal  arms  hang  vertically,  in  conformity  with  the  French  rule 
that  no  signal  is  sho^vn  if  the  track  is  clear.  Boxes  No.  1  show  behind 
little  openings  white  discs  with  the  notice — 

Track     ]  tt    [  all  clear  towards 

Boxes  No.  2  also  show  the  white  discs,  with  the  following  notice: 
Track     ^  jr    >  ojsen  to 

If  a  train  or  locomotive  approaches  a  block  station,  the  signal-man 
first  covers  it  by  the  distant  signal.  As  soon  as  it  has  passed  the 
signal  mast  the  operator  goes  to  box  No.  1  for  the  track  on  which  the 
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traiu  is  niuuiufj;,  and  makes  about  half  a  revolution  of  the  crank. 
This  sets  the  con-esponding  signal  arm  horizontal,  and  at  the  same 
time  the  alarm  is  sounded  at  the  station  in  advance;  the  small  ai*m  at 
this  station  takes  the  horizontal  position,  and  in  box  No.  2,  connected 
with  it,  the  red  disc  is  shown  with  the  notice — 

Track  \    jj        closed  to 

The  rear  station  receives  at  once  the  acknowledgment  of  the  signal 
by  the  stroke  of  a  bell,  and  the  appearance  of  a  yellow  disc  with  the 
words — 

Track  -     -pr        train  announced  at 

As  soon  as  the  signal-man  at  a  station  at  which  the  approach  of  a 
train  has  been  thus  announced  by  the  appearance  of  the  small  arm 
sees  that  the  train  has  j^assed  his  distant  signal,  he  places  the  latter  at 
danger.  As  soon  as  the  train  has  passed  he  protects  it  by  the  danger 
signal,  and  by  means  of  the  crank  in  box  No.  2  he  droits  the  small 
arm  at  his  ov'n  station,  and  the  main  block  signal  at  the  preceding 
station. 

Permissive  Block  St/ste»i. — In  this  system  a  horizontal  position  of  a 
semaphore  commands  an  immediate  stop.  If  an  engineer  stops  his 
train,  however,  and  the  all-clear  signal  is  not  given  from  the  advance 
station  within  live  minutes,  the  operator  can  allow  the  train  to  enter  the 
blocked  section.  The  engineer,  however,  must  make  sure,  by  observ- 
ing the  track  closely  that  he  incurs  no  danger,  and  must  proceed  so 
slowly  that  he  is  able  to  stop  his  train  in  safety  should  any  obstruction 
aj)pear.  He  can  resume  the  ordinary  speed  only  after  passing  an  "all- 
clear  "  signal. 

Spagnoletti,  the  telegraph  inspector  of  the  Great  Northern  Rail- 
way, has  constructed  an  apparatus  in  which  the  signals  are  given  ac- 
cording to  the  principles  usual  in  England.  For  each  dii'ection  there 
are  two  indoor  signals,  the  ujiper  showing  the  signal  received  and  the 
lower  showing  the  signal  given.  Instead  of  dials  or  miniature  sema- 
l^hores,  however,  the  upper  opening  shows  in  its  normal  position  a  red 
disc  with  the  words  "lock  on,"  meaning  that  the  signal  is  locked, 
while  the  lower  opening  shows  a  green  disc  with  the  words  "train 
arrived."  The  opei-ator  inquires  of  the  following  station  by  means  of 
bell  signals  whether  the  line  is  clear  and  if  this  is  the  case  the  operator 
there  replies  by  pressing  a  key  which  shows  at  his  own  lower  signal 
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and  at  the  upper  signal  of  the  preceding  station  a  white  disc  with  the' 
words  "line  clear,"  and  at  the  same  time  the  track  signal  at  the  latter 
station  is  unlocked,  so  that  it  can  be  placed  at  safety.  This  is  done 
by  pulling  a  lever.  As  soon  as  the  train  has  passed,  the  lever  is  re- 
turned to  its  former  position,  covering  the  train  by  the  danger  signal: 
this,  however,  not  only  locks  the  lever,  but  shows  on  the  upper  open- 
ing of  its  own  station  and  the  lower  of  the  following  station  a  red  disc 
marked  "train  on  line."  In  this  position  neither  of  the  two  operators 
can  alter  any  signal,  since  the  rear  outdoor  signal,  by  being  placed  at 
danger,  breaks  the  circuit;  so  that  it  cannot  be  placed  at  safety,  thus 
admitting  a  following  train  to  the  section.  The  circuit  remains  open 
until  the  train  reaches  the  following  station,  when  it  closes  the  circuit 
by  means  of  a  track  instrument,  and  at  the  same  time  shows  at  this 
station  in  the  lower  indoor  opening  a  green  disc  with  the  words 
"train  arrived,"  and  in  the  upjjer  opening  at  the  jjreceding  station  a. 
red  disc  with  the  works  "lock  on."  The  operation  can  then  be  re- 
peated. Only  one  line  wire  is  re  juii-ed  for  this  system,  including  the 
bell  signals,  and  the  details  are  so  arranged  that  any  interruption  in 
the  line  or  any  failure  of  any  jjart  of  the  system  brings  the  signals  to 
the  danger  position. 

This  method  forms  the  transition  to  the  automatic  block  systems. 
In  general,  the  sentiment  in  England  and  the  rest  of  Eurojje  has  not 
been  i^articularly  favorable  to  automatic  systems  which  disjiense  en- 
tirely with  manual  aid,  principally  because  such  systems  themselves- 
require  in  any  case  continual  suijervisiou,  in  order  to  ensure  their  re- 
liable action. 

In  the  case  of  Spagnoletti's  ajjparatus  just  described,  the  signal 
"train  arrived"  is  oj)ei'ated  by  the  first  wheel  passing  over  the  track 
instrument,  and  it  may  therefore  happen  that  a  train  may  set  this 
signal  and  yet  come  to  a  stop  before  it  has  completely  passed  the  track 
lever.  To  avoid  the  danger  which  might  result,  each  operator  is  re- 
quired to  satisfy  himself  particularly  on  this  i^oint  before  giving  the 
"all-clear"  signal  to  the  preceding  station. 

Antomatic  Block  Si/ste77is. — Although  in  Eurojie  we  have  hesitated, 
thus  far,  to  introduce  entirely  automatic  block  systems,  in  America 
they  have  been  introduced  ■n'ithout  hesitation  and  ajsparently  with 
good  results.  Hall  was  the  fij.-st  to  introduce  such  a  signal,  which  in 
its  newest  and  much  improved  form  has  been  extensively  used  on  the 
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New  York,  New  Haven  and  Hai-tfoid,  the  Boston  and  Albany,  and  other 
roads.  The  signal  itself  is  held  in  its  normal  position  by  an  electro- 
magnet in  a  closed  circuit.  If  the  circuit  is  broken,  the  disc  falls  and 
shows  red.  Distant  signals  are  similar  to  home  signals  except  that  the 
disc  is  gi'een.  The  breaking  of  the  current  is  effected  by  means  of  a 
wire  circuit  with  a  weak  current,  in  which  a  second  electro-magnet 
and  two  track  instruments  are  inserted.  One  track  instrument,  the 
so-called  "'block"  instrument,  is  at  the  entrance  of  a  block  section 
and  is  connected  in  cii'cuit  with  the  battery  at  the  other  end  of  the 
section  and  with  the  electro-maguet.  ^Tien  the  first  wheel  of  a  train 
passes  over  this  instrument,  it  breaks  the  circuit  and  both  armatures 
fall,  the  signal  going  to  danger. 

Some  1  500  to  2  000  ft.  (450  to  600  m.)  beyond  the  end  of  the  block 
section  is  the  "all-clear"  instrument,  which  differs  from  the  stop 
instrument  in  that  its  normal  position  corresponds  to  open  circuit, 
and  that  when  struck  by  a  wheel,  instead  of  changing  its  position  at 
once,  it  does  so  only  after  a  time  sufficient  to  allow  the  passage  of  the 
longest  train  at  the  slowest  speed,  by  means  of  a  compressed  air 
cushion.*  This  instrument  closes  the  cii'cuit  again  and  clears  the 
section. 

The  "  block  "  instrument  of  any  section  is  beyond  the  "  clear  "  in- 
strument of  the  preceding  section,  so  that  a  train  entering  a  section  is 
protected  before  the  signal  at  the  entrance  of  the  preceding  section  is 
cleared. 

The  compressed  air  cushion  of  the  "  clear  "  instrument  is  said  to  be 
the  weakest  point  in  this  block  system.  Any  failure  in  the  current  or 
crossing  of  wires  brings  the  signal  at  once  to  danger.  Breaking  apart 
of  trains  and  breakage  of  rails  are  not  shown  by  the  system,  but  this 
•could  be  effected  by  using  the  rails  as  conductors.  This,  however,  is 
not  recommended,  since  the  rail  circuits  for  considerable  distances  do 
not  operate  uniformly  and  reliably  enough.  In  general,  however,  the 
use  of  the  Hall  system  is  strongly  recommended,  and  is  particularly 
suitable  for  long  block  sections. 

Very  similar  in  working  is  the  electric  automatic  block  system  of 
the  Union  Switch  and  Signal  Company,  in  Pittsburgh.  The  sections  are 
from  1  000  to  1  500  ft.  (300  to  750  m. )  long,  and  at  the  ends  are  signal 
masts.     At  the  top  of  each  mast  is  the  home  signal,  the  normal  posi- 

*  This  does  not  quite  correspoud  with  the  instrument  as  now  constructed,— TVarw. 
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tion  of  the  arm  being  horizontal,  or  at  danger,  or  at  night  showing  a  red 
light.  With  short  block  sections  and  frequent  trains,  there  is  also  a 
distant  signal  arm  for  the  second  section  ahead,  the  end  of  this  arm 
being  notched,  as  in  the  English  distant  signals,  to  distinguish  it 
from  the  local  home  signal.  The  lantern  of  the  distant  signal  is  nor- 
mally green,  indicating  caution,  while  both  signals  show  white  light 
when  at  safety. 

The  signal  arms  are  moved  by  compressed  air,  as  already  stated, 
controlled  by  electricity.  While  the  Hall  system  uses  a  separate  wire 
for  this  i^urpose,  the  Union  Switch  and  Signal  Company  uses  the  rails 
for  conductors.  The  rails  are  electrically  connected,  excejDt  at  the  end 
of  a  block  section,  where  there  is  an  insulating  joint.  It  has  been 
found  unnecessary  to  insulate  the  rails  from  the  ties.  A  battery  at  the 
farther  end  of  the  section  sends  a  weak  current  through  the  rails, 
which,  at  the  near  end  of  the  section,  are  connected  by  the  two  wires 
of  the  electro-magnet  which  operates  the  signal.  Any  pair  of  wheels  in 
the  section  short-circuits  the  current,  the  armature  of  the  signal 
electro-magnet  drops,  and  the  signal  goes  to  danger,  the  corresisonding 
distant  signal  going  to  "caution."  By  a  switch  on  the  arm  of  the 
local  signal,  the  distant  signal  for  the  section  in  advance  goes  at  the 
same  time  to  caution,  while  its  corresponding  home  signal  remains  at 
safety.  Any  failure  of  any  jjart  of  the  apjjaratus  results  in  the  corre- 
sponding signals  all  going  to  danger.  Breaking  apart  of  trains  and 
fractures  of  rails  are  at  once  indicated.  If  there  are  switches  in  the 
section  which  are  included  properly  in  the  circuit,  the  block  signal 
will  only  indicate  "all-clear  "  when  the  switch  is  properly  set  and  no 
wheels  are  ujion  it. 

The  method  of  operating  signals  by  means  of  bellows,  introduced 
by  the  American  Pneumatic  Signal  Company,  has  also  been  applied  ta 
the  operation  of  automatic  block  signals  in  a  manner  as  ingenious  as 
simple.  When  a  train  enters  a  section  the  first  wheel,  by  means  of  a 
track  instrument,  acts  on  the  bellows  and  sets  the  signal  at  danger,  at 
the  same  time  clearing  the  signal  in  the  rear.  The  bellows  is  far 
enough  in  front  of  the  block  signal  that  the  engineer  can  see  the  signal 
go  to  danger  before  passing  it,  and  thus  know  that  his  train  is  pro- 
tected. This,  however,  has  the  sexious  objection  that  if  a  train  should 
stop  just  as  the  first  wheel  had  passed  over  the  track  instrument,  it 
would  not  be  protected  at  all. 
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Black,  in  his  block  system  for  the  New  York  elevated  roads/^^lias 
made  use  of  the  i)rinciplo  employed  iu  Hall's  electric  system,  uamely, 
that  a  traiu  nuist  he  protected  by  a  forward  block  signal  before  the 
rear  block  signal  is  cleared.  Iu  Black's  system,  however,  the  operation 
is  entirely  mechanical.  The  transmission  of  the  motion  l)y  rods  retxnires 
the  block  sections  to  be  short,  and  the  signals  are  therefore  only  about 
1  100  ft.  (335  m.)  apart.  The  rods  are  supi^orted  upon  rolls  between 
the  I'ails,  and  are  protected  by  wooden  casing  against  the  sun  and 
against  disturbance.  Powerful  track  instruments  in  the  form  of  levers 
connected  with  toggles  are  operated  by  the  wheels,  and  carry  the  mo- 
tion to  the  rods.  Shocks  are  avoided  by  inserting  strong  spiral 
springs.  A  train  length  beyond  the  signal  mast  (one  engine  and  five 
cars)  is  the  first  track  instrument  which  sets  the  danger  signal  for  the 
section  iu  advance,  and  just  beyond  is  the  second  track  instrument 
which  clears  the  signal  for  the  rear  section.  In  consequence  of  this 
overlapping,  the  signal  rods  are  longer  than  the  length  of  a  section, 
sometimes  up  to  2  700  ft.  (825  m.).  In  order  to  provide  for  the 
changes  of  length  of  such  long  rods,  due  to  temi:)erature,  the  oblique 
slot  at  the  end  of  the  rod,  which  effects  the  change  of  the  signal,  is 
lengthened  at  both  ends  parallel  with  the  motion. 

The  capacity  of  the  roads  equipped  with  this  block  system  is  very 
large.  The  signals  being  placed  1  100  ft.  (335  m.)  apart,  and  the  speed 
of  trains  16  to  17  miles  per  hour  (26  to  27.5  km.),  it  is  possible  to  have 
trains  follow  each  other  at  intervals  of  J  of  a  minute.  This  simple  sys- 
tem is  very  inexi^ensive  and  yet  thoroughly  reliable.  During  the  three 
days  of  the  Columbus  celebration,  October  10th-12th,  1892,  the  elevated 
roads  of  New  York  carried  2  921  864  passengers;  and  on  October  12th, 
alone,  1  075  537  passengers. 

In  one  day,  on  the  Third  Avenue  elevated  road,  8.5  miles  long 
(13.6  km.)  the  traffic  amounted  to  55  000  car-miles  (87  000  car-km.), 
and  1  200  engine-miles  (19  000  engine  km.). 

Closing  Reinnrka. — On  main  lines  the  block  system  is  now  indispens- 
able for  safe  operation.  The  choice  of  a  system,  however,  dejjends 
largely  upon  the  character  of  the  traffic.  If  trains  of  difierent  length 
and  speed  run  over  the  same  line,  and  if  the  length  of  stops  at  the 
different  stations  cannot  be  fixed  beforehand  wdth  accuracy,  the  use  of 
the  Morse  writing  telegraph  is  to  be  recommended,  especially  because 
it  preserves  permanently  the  dispatches  sent,  and  thus  aflfords  a  basis 
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for  providing  for  further  irregularities  in  time.  An  interval  of  five 
minutes  or  less  between  trains  is  only  possible  when  trains  run  with 
nearly  the  same  speed.  In  such  cases  the  use  of  writing  instruments 
takes  too  much  time,  and  it  is  necessary  to  resort  to  methods  such  as 
have  been  described,  by  which  trains  are  signaled  qiiickly,  or  to  au- 
tomatic systems. 

Part  Y. — iNTEKiiOCKiNG  Apparatus. 
Introduction. 

English  interlocking  aj^paratus.     Saxby  &  Farmer. 
German  interlocking  apparatus.     Max  Jiidel  &  Co. ;  Eiippel's 

system  ;  Biissing's  patent  ;  Schnabel  &  Henniug. 
Fundamental  principles  of  German  interlocking.     Locking  the 
route  ;  locking  apparatus  ;  protection  of  isolated  switches; 
slotted  signal. 
Differences  between  English  and  German  interlocking  appara- 
tus.    Switch  locking  ;    significance  of  the  distant  signal ; 
safety  switches  ;  detector  bars. 
American    interlocking    apparatus.       Saxby     &    Farmer  ;    St. 
Louis  Bridge  and  Tunnel  Co.  ;  Westinghouse's  switch  and 
signal  interlocking. 
Hydraulic  pressure  apparatus.     Bianchi  &  Servettaz  ;   Haniel 

<fe  Lueg. 
Closing  remarks. 
Introduction. — The  danger  which  arises  from  the  fact  that  at  a  turn- 
out the  signal  may  not  agree  with  the  jjosition  of  the  corresponding 
switches  led  the  English  roads,  as  early  as  1846,  to  concentrate  at  one 
jDoint  (by  means  of  rods,  etc.)  the  levers  operating  the  switches  and 
signals,  so  that  they  could  all  be  operated  by  one  man.  Since,  even 
by  this  method,  however,  mistakes  were  not  impossible,  Saxby,  in  1856, 
conceived  the  idea  of  interlocking  the  switches  and  signals  in  such  a 
way  that  it  would  be  impossible  for  the  operator  to  set  a  switch  con- 
trary to  the  signals,  or  to  clear  simultaneously  two  interfering  tracks. 
This  idea  led  to  the  development  of  what  is  known  as  the  interlocking 
system.  According  to  this  system,  as  soon  as  (or  before)  a  given  lever 
is  thrown,  the  motion  of  certain  other  levers  is  rendered  mechanically 
impossible.  This  is  effected  by  adding  to  the  simple  lever  apjaaratus 
a  sj)ecial  device,  consisting  in  the  main  of  a  movable  locking  bar. 
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iiiDviufj;  piirallol  to  tlu'  row  of  levers,  aucl  i)roviile(l  witli  the  necessary 
]t)cking  pieces.  The  mechauism  is  designed  on  the  basis  of  a  given 
mode  of  operating  the  tracks,  and  a  corresponding  locking  table  is 
l>repared,  showing  positions  of  the  switches  and  signals  which  are 
incompatible  or  dangerous.  The  locking  pieces  are  then  arranged  so 
as  to  conform  to  this  table. 

This  interlocking  system  has  since  been  found  indispensable  in 
governing  the  entrance  and  departure  of  trains  at  stations  where  the 
traffic  is  heavy. 

English  Interhcking  Appnratm,  Saxby  c£  Farmer. — The  interlock- 
ing apparatus  of  Saxby  &  Farmer  is  distinguished  by  its  simplicity 
and  its  solid  construction,  and  it  is  sufficient  in  general  for  English 
rec[uirements.  Its  iise  is  limited  by  the  legal  I'equii'ement  in  England 
that  facing  and  trailing  switches  shall  not  be  operated  by  means  of 
rods  at  greater  distances  than  540  ft.  (165  m.)  and  900  ft.  (275  m.), 
respectively.  In  consequence,  the  switches  operated  from  one  point 
are  concentrated  within  a  space  which  can  be  easily  overseen  and 
watched  from  the  central  jjoint.  This  area  is  protected  in  all  direc- 
tions by  signals,  resembling  a  citadel,  in  which  the  operator — a  reliable 
man,  trained  from  youth  by  many  years'  service — holds  absolute  com- 
mand. This  method  has  been  entirely  satisfactory  on  English  roads. 
Attention  has  since  been  directed  to  a  feature  which  this  system  does 
not  possess,  namely,  the  interdependence  of  the  interlocking  system 
Avith  the  block  system. 

German  Interlocking  Systems. — In  Germany  less  reliance  is  i^laced 
upon  the  signal-man  stationed  at  the  towers,  since,  notwithstanding 
the  interlocking  of  the  switches  and  signals,  he  can  give  an  improper 
or  unaccustomed  signal  to  an  exjjected  train,  and  thus  bring  it  in 
ujion  a  wrong  track,  where  the  station  employees  do  not  want  it,  or  can 
iillow  it  to  enter  before  the  station-master  is  ready  for  it.  The  Saxby 
k  Farmer  apparatus,  therefore,  which  was  introduced  in  Germany  in 
1870,  did  not  fully  satisfy  the  needs  of  German  roads.  The  firm 
Max  Jiidel  &  Co.,  in  Brunswick,  builders  of  railway  signal  appara- 
tus, at  first  imitated  the  English  interlocking  apparatus,  but  finally 
their  eminent  engineer,  H.  Biissing,  developed  it  to  conform  to  German 
requirements.  At  present  this  company  builds  interlocking  apparatus 
after  Riippel's  system  and  Biissings'  jiatents. 

In  1874,  Th.  Heuning  of  the  firm  of  Schnabel  &  Henning,  at  Bruch- 
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sal,  showed  at  the  Vienna  Exposition  an  interlocking  apparatus  of  his 
own  construction,  and  since  that  time  these  two  and  some  other  German 
firms  have  taken  the  greatest  jDains  to  bring  their  interlocking  appa- 
ratus to  the  highest  possible  degree  of  perfection. 

Fundamental  Principles  for  German  Interlocking. — In  consequence  of 
the  fact  that  the  management  of  the  traffic  is  separated  from  the  duties 
of  the  operator  in  charge  of  the  levers,  and  in  order  that  the  station- 
master,  who  oversees  this  traffic,  may  have  exclusive  control  of  the 
entrance  and  departure  of  trains  at  the  station,  sjjecial  interlocking 
devices  are  applied  between  the  offices  of  the  station-master  and  the 
various  interlocking  towers  of  the  station,  which  are  known  as 
"station  blocks"  [Stationsblockwerke),  "signal  locks"  {Signal  Ver- 
schlusawerke),  "electric  slot  apparatus,"  etc. 

These  appliances  led  to  the  idea  of  making  the  station-master  and 
the  signal-operator  interdependent,  in  such  a  way  that  before  the  j)as- 
sage  of  a  train  by  a  tower — 

(1)  The  switches  to  be  passed  over  must  be  set  and  blocked  by  the 
operator. 

(2)  The  signal  for  the  train  miist  be  cleared  by  the  station-master. 
And  after  the  train  has  passed — 

(3)  The  signal  must  be  put  at  "danger"  behind  the  train,  by  the 
operator. 

(4)  The  switches  must  be  freed  for  other  operations  by  the  station- 
master.  This  cannot  be  done  till  the  train  has  completely  left  the 
protected  area. 

Locking  the  Route. — A  further  innovation  in  German  interlocking  is 
locking  the  entire  route  of  a  train  through  a  yard.  Formerly,  if  a. 
signal  was  cleared  it  locked  the  switch  to  be  passed  over  in  the 
IDroper  position.  This  had  the  objectionable  feature  that  as  soon  as 
the  signal  was  put  back  at  danger,  the  switch  was  unlocked  ;  while  it 
is  often  very  desirable  that  after  the  signal  is  put  at  danger,  behind  a 
train,  the  safe  position  of  all  the  switches  to  be  passed  should  be 
assiu'ed  till  it  is  certain  that  the  train  has  passed  them  all.  This  led 
to  the  introduction  of  "route  levers  "  which  are  jsroperly  interlocked. 
This  renders  it  unnecessary  to  hold  the  signal  lever  in  the  "all-clear  " 
position,  in  order  to  lock  the  switches.  On  the  contraiy,  all  the 
switches  over  which  the  signal  gives  right  of  way  are  locked  by  the 
station    locking   apparatus,    without   making  it    impossible    for    the- 
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openitor  at  the  towor  to  throw  the  sigual  to  "  dauber "  at  any 
time. 

Electrical  api)aratus  was  formerly  exclusively  employed  for  con- 
trolling the  levers  in  the  toAvers  at  the  ends  of  the  station  from  the 
offices  of  the  station-master.  Lately,  however,  these  have  been  largely 
replaced  by  mechanical  apparatus,  and  electrical  locks  only  retained  in 
connection  with  such  sections  as  ai-e  equipped  with  Siemens  &  Halske 
block  api)aratus,  or  in  cases  where  the  station  is  a  considerable  distance 
from  the  levers. 

In  the  newer  mechanical  locks,  double  wires  are  invai'iably  used^ 
which,  besides  being  all  that  coiild  be  desired  with  resjsect  to  sim- 
plicity of  construction  and  ease  of  re^jair,  are,  moi-eover,  as  a  rule, 
cheaper  than  electrical  locks  up  to  distances  of  about  4  000  ft. 
(1200  m.). 

Locking  Apparatus. — The  locking  apparatus  in  the  station  (or  some- 
times on  the  platform)  is  operated  generally  by  a  crank.  Each  crank 
serves  for  controlling  two  directions  or  routes,  being  connected  with 
a  locking  bar  in  the  interlocking  tower.  When  the  crank  is  in  the 
intermediate  position,  this  bar  cannot  be  moved;  if  the  crank  is  turned 
to  the  left,  it  frees  the  locking  rod  for  one  route  [i.  e.,  allows  the  all- 
clear  signal  to  be  given  for  this  route,  and  locks  all  switches  which 
the  train  is  to  pass  over) ;  if  turned  to  the  right,  it  frees  another  route. 
This  differs  from  former  arrangements  in  that  here  it  is  not  the  signal 
lever  which  is  freed  or  locked,  but  only  the  locking  bar  or  the  lever 
by  Avhich  the  latter  is  moved.  Whenever  the  station  crank  is  tvirned, 
the  signal  oj^ei-ator  is  informed  by  an  audible  and  a  visible  signal,  and 
he  is  thus  directed  to  clear  or  to  block  some  given  route. 

The  interdependence  already  existing  between  the  various  levers  of 
the  interlocking  apparatus  of  the  tower  is  generally  repeated  in  the 
locking  apparatus  at  the  station,  so  that  the  station-master  can  never 
free  two  interfering  routes.  A  further  interlocking  has  also  been 
added  such  that  when  the  signal  has  been  given  for  a  train  to  enter 
by  any  given  track,  it  is  imijossible  to  again  give  the  all-clear  signals 
for  that  track  from  any  direction  whatever  until  a  departure  signal  for 
this  track  has  been  given  and  then  removed. 

Protection  <>f  Isolated  Switches. — A  road  is  not  always  in  a  jiosition  tO' 
protect  a  station  or  junction  by  erecting  at  once  a  special  interlocking 
plant.     According  to  the  laws  governing  the  operation  of  main   lines^ 
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in  Germany,  however,  signals  for  the  protection  of  switches,  which 
in  ordinary  operation  are  facing  points,  are  obligatory.  The  signals 
must  be  so  arranged  that  the  signal  for  any  track  cannot  be  cleared 
until  the  switch  is  set  for  that  track,  and  the  s^n-itch  must  remain  so  set  as 
long  as  the  signal  is  clear.  Here,  also,  the  object  has  been  to  relieve 
the  switchman  of  the  duty  of  setting  the  signal,  placing  this  in  charge 
of  the  station-master.  For  this  purpose,  switch-lock  discs  are  used, 
which  are  inserted  in  the  double  wire  by  means  of  which  the  station- 
master  from  his  office  or  from  the  station  platform  sets  the  entrance 
signal  for  the  station.  The  disc  has  a  widened  rim  by  means  of  which 
either  directly  or  by  an  intermediate  latch,  it  engages  in  recesses  of  a 
locking  bar  connected  with  the  switch  lever  in  such  a  way  that  the 
switch  can  be  set  at  will  as  long  as  the  signal  is  at  "stojj,"  while  the 
signal  can  be  cleared  only  when  the  switch  is  set  for  the  jirojier  track. 
Setting  the  signal  at  "all-clear  "  locks  the  switch  in  this  position. 

Slotted  Signal. — Even  before  it  was  proposed  to  interlock  switches 
and  signals,  a  device  had  been  introduced  in  England  by  which  a  sig- 
nal could  be  cleared  only  by  the  concordant  action  of  two  signal-men 
stationed  at  different  points.  This  device  is  found  principally  in  cases 
where  signal  towers  are  only  a  short  distance  aj^art,  so  as  to  make,  for 
instance,  the  de^jarture  of  a  train  from  the  area  governed  by  one  tower 
dependent  upon  permission  given  from  the  following  tower.  The  de- 
vice consists  principally  in  having  one  or  more  slots  in  the  rod  which 
works  the  signal,  in  each  of  which  slots  a  jsivoted  lever  works,  each 
lever  holding  the  signal  at  danger  by  means  of  a  counterweight.  The 
signal  can  be  cleared  only  when  all  the  counterweights  are  raised;  as 
soon  as  one  counterweight  falls,  the  signal  goes  at  once  to  danger. 
It  is  thought  that  Saxby  first  conceived  his  idea  of  interlocking  from 
this  apparatus. 

Saxby  k  Farmer  afterwards  constructed  an  apparatus  on  which 
the  more  distant  signal-man  controls  the  signal  electrically.  This  is 
called  the  "electric  slot  signal,"  although  in  this  case  there  is  no  slot. 

In  Germany,  slot  signals  are  now  used  quite  widely,  in  order  to 
secure  interdeijendence  between  gi-oujas  of  STsdtches  operated  from 
different  points,  with  respect  to  certain  switches  and  signals.  By  such 
means  all  the  switches  for  a  certain  route  ojierated  from  one  point  can  be 
locked,  and  at  the  same  time  the  all-clear  signal  for  this  route  given 
in  the  adjoining  section. 
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Differences  between  English  and  German  Interlocking  Aiquiratus. — In 
Euglaiul,  as  already  stated,  the  signal-men  in  the  towers  are  quite  inde- 
pendent, Avliilt'  in  Germany  they  only  do  the  bidding  of  the  station- 
master.  It  eaunot  be  denied  that  the  idea  of  concentrating  the  entire 
superintendence  of  the  tratlic  in  the  hands  of  a  capaV)le  official  appears 
very  desirable,  but  it  must  be  acknowledged  that  if  the  duties  of  the 
official  coutiue  him  to  an  office  in  the  station  building  or  to  a  particular 
jilace  on  the  platform,  he  cannot  always  himself  see  the  condition  of 
things  at  the  ends  of  the  station  or  yard  before  giving  orders  for  the 
entrance  or  departure  of  a  train.  He  must  therefore  rely  more  or  less  on 
information  given  him  by  signal-men  at  those  points.  The  signal-man, 
as  soon  as  he  receives  from  the  station  the  order  to  give  a  certain 
signal,  must  satisfy  himself  that  the  route  to  be  followed  by  the  train 
is  really  clear  before  obeying  the  order.  Now,  since  the  obstacles  in 
the  way  of  a  train  are  generally  about  the  switches  at  the  end  to  the 
station  yard,  it  follows  that  the  most  important  point  for  insuring  the 
safety  of  station  service  is  not  at  the  center  of  the  station,  but  at 
its  ends.  Moreover,  mistakes  on  the  jsart  of  the  station-master,  or 
misunderstanding  on  the  part  of  the  signal-man,  are  not  imi^ossible, 
even  with  the  most  perfect  system,  and  have  been  the  cause  of 
accidents. 

If  the  work  to  be  done  daily  at  a  station  equipped  with  interlock- 
ing apparatus  is  laid  out  systematically  and  permanently,  and  the 
traffic  is  regular,  the  signal  ojierator,  if  he  follows  the  schedixle,  cannot 
well  open  a  route  that  is  not  desired  by  the  station-master,  and  even 
if  he  should  by  mistake  do  so,  the  engineer  of  an  apj)roaching  train 
would  be  able  to  tell  from  the  signals  that  his  own  track  was  not  clear 
and  would  come  to  a  stop.  The  danger  that  a  signal-man  might  allow 
a  train  to  enter  a  track  already  occupied  may  be  easily  obviated  by 
arranging  the  main  tracks  in  the  station  so  that  that  they  form  a  block 
section,  like  the  main  line  beyond  the  station.  No  train  will  then  be 
allowed  to  enter  the  block  section  within  the  station  till  the  previous 
train  has  left  this  section  and  its  rear  signal  has  i^assed  the  further 
tower. 

Finally,  it  must  be  acknowledged  that  if  trains  follow  each  other 
at  short  intervals,  delays  will  be  occasioned,  if  it  is  necessary,  before 
admitting  them  for  the  signal-man  to  communicate  with  the  station,  so 
that  it  is  better  to  concentrate  the  responsibility  in  the  hands  of  the 
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signal-man.     A  simple  telegrai^li  connection  is  sufficient  to  communi- 
cate special  messages  from  the  station-master  to  the  signal-man. 

An  objection  frequently  urged  in  Germany  against  the  Saxby  & 
Farmer  api^aratus  is  the  large  number  of  levers  used.  When  we  re- 
member that,  for  instance,  Max  Jiidel  &  Co.  build  interlocking  ap- 
paratus in  which  a  station  at  the  crossing  of  two  double  track  roads 
with  two  switches,  two  double  armed  entrance  signals,  besides  two  distant 
signals  and  four  starting  signals,  are  operated  by  only  four  cranks 
(wires  being  used  to  throw  the  switches),  it  seems  worth  while  to 
examine  the  causes  for  the  large  number  of  levers  in  English  inter- 
locking api^aratus. 

Switch  Locking. — In  this  examination  the  first  striking  point  is  the 
locking  of  each  switch  by  a  sj^ecial  lever.  In  England  it  is  considered 
absolutely  necessary  to  ensure  the  full  contact  of  the  tongue  of  a 
facing  switch  with  the  fixed  rail  by  means  of  a  special  slightly  wedge- 
shaped  bolt  which  is  forced  into  a  corresponding  hole  in  the  rod  con- 
necting the  two  movable  points.  The  lever  of  this  lock  takes  the  jilace 
of  the  switch  lever  in  the  interlocking  apparatus.  This  lock  is  also 
generally  provided  with  a  detector  bar,  which  prevents  the  lock  from 
being  withdrawn  as  long  as  a  wheel  is  over  this  bar.  This  doubles  at 
once  the  number  of  s\\-itch  levers. 

In  Germany,  as  already  stated,  the  locking  of  isolated  switches  by 
means  of  the  signal  wires  is  generally  introduced,  but  the  locking  of 
switches  by  means  of  special  wires  and  levers  in  the  towers  is  only 
introduced  in  exceptional  cases.  In  jjlace  of  them  there  are  special 
throA^^ing  devices  at  the  switches  called  "point  locks"  or  "switch 
locks  "  which  are  intended  to  assure  the  signal-man  that  in  throwing 
his  switch  lever  he  has  actually  brought  the  movable  point  into  per- 
fect contact  with  the  fixed  rail.  This  switch  lock  is  intended  to  be 
unafi"ected  by  small  temperature  changes  of  length  in  the  lead-out,  or 
by  the  unavoidable  lost  motion  occurring  to  a  greater  or  less  extent  in 
the  transmission  mechanism.  These  devices,  which  throw  the  switch 
and  at  the  same  time  lock  it  in  its  new  position,  have  thus  far  jsroved 
thoroughly  satisfactory.  It  must  be  remarked,  however,  that  almost 
all  the  interlocking  systems  in  Germany  are  of  recent  date,  and  that 
consequently  the  natural  wear  of  bolt  connections  and  other  transmis- 
sion mechanism  has  not  yet  taken  place  to  a  serious  extent.  This 
Tvear,  however,  may  take  place  unnoticed  to  such  an  extent  that  if  a 
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slight  rosist;iuc'i>  is  otlerod  to  tliu  tlirowiug  of  a  switch,  it  may  be  jjos- 
sible  to  throw  the  lever  completely  over  without  ensuring  pei'fect  con- 
tact of  tongue  and  fixed  rail.  It  must  be  further  recognized  that  the 
lateral  pressure  of  cars  passing  over  a  switch  may  gradually  result  in 
the  point  not  being  in  contact.  Attention  is  therefore  now  being 
directed  to  the  idea  of  providing  some  means,  independent  of  the 
switch-throwing  apparatus,  by  which  the  signal-man  may  be  assured 
that  in  distant  switches  close  contact  is  secured. 

Significance  of  lite  Distant  Sigyial. — Another  circumstance  which  leads 
to  again  doubling  the  number  of  level's  in  English  apparatus,  is  the 
different  meaning  of  the  distant  signal.  In  Germany,  the  distant 
signal  simply  calls  attention  to  the  position  of  the  home  signal,  and  as 
both  must  always  be  in  the  same  position,  they  may  be  operated  by 
the  same  wire.  In  England,  on  the  contrary,  the  distant  signal  is  an 
independent  stop  signal,  under  whose  jirotection,  if  at  danger,  the 
train  proceeds.  If  the  home  signal  is  then  cleared,  the  distant  signal 
remains  at  danger,  and  not  only  protects  the  train  against  a  rear 
collision,  but  also  locks  the  proper  swatches.  The  interlocking  of  the 
distant  and  home  signals  is  such  that  though  the  latter  may  be  cleared, 
while  the  former  is  at  danger,  the  reverse  can  never  occur. 

In  Germany  it  is  considered  unnecessary  to  protect  a  train  by  the 
distant  signal,  but  dependence  is  placed  upon  a  strict  adherence  to 
the  block  system.  There  have  been  instances,  however,  of  more  or 
less  serious  rear  collisions  between  a  train  stojjping  before  the  home 
signal  and  a  follo'O'ing  train. 

Safety  Sivitches. — The  fact  that  sj^ecial  switch  locks  are  not  used  in 
interlocking  has  enabled  German  engineers  to  make  the  switches  so 
that  they  can  be  run  over  as  trailing  switches  even  when  set  for  the 
wa-ong  track  (so-called  "safety  switches  "),  without  injuring  the  inter- 
locking ajjparatus  or  causing  the  tongues  to  assume  an  intermediate 
l^osition,  clear  of  both  fixed  rails.  This  is  effected  by  making  the 
switch  rod  connecting  the  points  discontinuous  and  using  the  "point 
lock  "  already  referred  to.  When  a  s^vitch  is  thrown,  the  operation  is 
as  follows :  the  motion  of  the  rod  first  moves  the  point  w  hich  is  not  in 
contact,  at  the  same  time  unlocking  the  other  point;  both  points  then 
move  together  till  the  former  comes  to  contact,  when  it  is  locked, 
while  the  motion  of  the  other  point  continues.  If  the  switch  is  run 
through  trailing,  when  wrongly  set,  the  motion  is  caused  by  the  free 
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point  being  forced  aside  and  is  transmitted  by  the  rod,  the  i:)rocediire 
being  the  same  as  just  described.  In  order  that  the  interlocking  ap- 
paratus may  not  be  injured,  a  connection  is  introduced  between  the 
lever  and  the  switch  rod,  which  is  rigid  when  the  switch  is  thrown  in 
the  usual  way,  but  which  becomes  detached  with  slight  resistance  when 
the  switch  is  run  through  backward.  At  the  same  time  the  proper 
signals  are  locked  and  the  signal-man  notified. 

Detector  bars,  which  prevent  a  switch  from  being  thrown  while  a 
train  is  upon  it,  are  seldom  used  in  Germany,  the  i^osition  of  the 
switch  being  considered  sufficiently  assured  by  the  locking  of  the 
signal  lever  or  of  the  switch  lock  lever.  It  does,  however,  excellent 
service  if  suitably  constructed,  in  all  movements  which  must  be  made 
within  the  interlocked  area  without  re!j[uiring  or  jDerhaps  permitting 
the  ojDeration  of  a  signal  or  route  lever. 

American  Interlocking. — The  Saxby  &  Farmer  apparatus  was  intro- 
duced in  America  in  1873,  and  used  with  it,  the  English  method  of 
operation,  consisting  princijially  in  separating  the  announcing  from 
the  despatching  of  trains,  this  method  having  been  in  general  and  very 
extended  use  in  America  before  the  introduction  of  interlocking. 

The  Saxby  &  Farmer  apparatus  is  still  in  use  at  many  large 
stations,  junctions  and  crossings,  but  the  joractical  American  mind 
has  introduced  many  simplifications,  consisting  mainly  in  placing 
movable  pieces  on  the  locking  bolts,  which  effect  a  certain  interdepen- 
dence between  special  locks,  and  preserve  this  relation  in  different 
positions  of  the  locks. 

The  considerable  force  necessary  to  throw  switches  by  means  of 
rods  (pipes)  or  wires,  and  the  necessity  of  having  a  number  of  signal- 
men in  the  towers  at  the  same  time,  led  the  Americans  to  replace  manxial 
power,  so  far  as  jiossible,  by  other  forces,  mainly  hydraulic  pressure 
and  compressed  aii*. 

The  attempt  was  made  on  a  large  scale  in  1883,  to  employ  hydraulic 
pressure  for  operating  the  extended  plant  of  the  St.  Louis  Bridge  and 
Tunnel  Company.  This  system  covered  a  length  of  nearly  3  miles 
(4.5  km.)  of  double  track,  with  three  towers  and  about  28  miles  (45  km.) 
of  yard  and  side  tracks,  with  a  corresjjonding  number  of  switches  and 
signals,  and  operated,  in  1887,  131  trains  daily.  The  experiment  did 
not  lead  to  the  expected  results,  and  the  plant  was  altered  by  substi- 
tuting compressed  air  as  the  power,  using  hydraulic  pressure  only  to 
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operate  tlie  valves.  This  new  i^lant,  designed  by  Mr.  Wueriiel,  offers 
many  points  of  interest.  It  is  described  in  the  Rdilroad  Gazette,  1889, 
page  90.  The  three  towers  contain  together  108  levers,  of  which  80 
are  in  the  tower  at  East  St.  Louis.  These  levers  operate  138  switches  and 
signals.  The  comparatively  small  number  of  levers  is  due  to  the  fact 
that  by  a  si)ecial  device  certain  signals  (as  many  as  nine)  can  be  ojjerated 
by  one  lever.  This  is  effected  by  placing  valves  in  the  water  pij^es  leading 
from  the  tower  to  the  signal  cylinders.  These  valves  ai'e  so  connected 
with  the  switch  mechanism  that  when  the  signal  lever  is  thrown,  the 
water  is  always  admitted  to  the  signal  cylinder  which  corresponds  to 
the  switch  in  question.  The  operation  of  this  plant  requii'es  the  mini- 
mum of  force.  In  the  East  St.  Louis  tower,  one  man  operates  the  80 
levers,  in  eight-hour  shifts.  The  track  movements,  when  completed,  are 
electrically  announced  at  the  tower  and  indicated  on  a  miniature  plan 
of  the  yard,  with  movable  switches  whose  positions  correspond  with 
those  of  the  actual  switches.  The  electrical  contact  is  made  at  the 
13oint  of  the  switch.  The  entire  appai'atus,  except  that  for  operating 
the  indicator,  is  contained  in  underground  conduits  and  thus  protected 
from  injury  in  case  of  derailment. 

The  Union  Sir  itch  and  Signal  Compayiy. — By  a  great  expenditure  of 
money,  time  and  labor,  this  company  has  siicceeded  in  constructing  an 
interlocking  system  after  the  ideas  of  "Westinghouse,  which  satisfies  in 
the  highest  degree  all  the  requirements  which  can  be  be  made  upon  a 
safety  interlocking  apparatus.  Its  operation,  especially,  requires  little 
power,  it  is  very  compact,  convenient  in  arrangement,  and  the  lead-outs 
can  be  placed  underground  or  in  any  way  desii'ed,  if  necessary  outside 
the  track  area.  The  plant  is  costly,  however,  and  therefore  only  suit- 
able for  large  installations.  An  illustrated  description  may  be  found 
in  the  Scientific  Americait  for  May,  1891,  page  273.  The  signals  and 
switches  are  operated  by  comi^ressed  air  at  a  pressure  of  not  less  than  2.8 
atmospheres.  The  valves  at  the  switches  are  operated  by  hydraulic 
pressure,  those  at  the  signals  by  electricity.  The  throwing  appa- 
ratus, instead  of  the  usual  levers  and  rods,  consists  of  a  series  of 
horizontal  shafts  in  a  horizontal  plane,  which  are  rotated  by  cranks. 
The  motion  of  the  shafts  is  limited  by  electric  stojjs.  At  the  ends  of 
the  switch  shafts,  are  three  way  cocks  through  which  passes  the  water 
which  operates  the  air  valves  at  the  switches  ;  while  from  the  ends  of 
the  signal  shafts,  the  electric  current  is  sent  to  operate  the  air  valves  at 
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tlie  signals.  Each  switch  is  thrown  by  means  of  a  compressed-air 
cylinder,  whose  piston,  in  being  thrown,  first  unlocks  the  switch,  then 
throws  it  and  then  locks  it  again  by  a  locking  bolt.  Connected  with 
the  api^aratus  is  a  fouling  bar,  to  jirevent  the  switch  from  being 
thro^-n  under  a  train.  The  locking  bolt,  when  in  its  final  position, 
closes  a  circuit  which  in  the  tower  eflfects  the  release  of  the  lock  of  the 
switch  shaft.  The  locking  of  a  signal  shaft  is  effected  by  a  cur- 
rent, which  is  broken  as  long  as  the  signal  arm  is  in  the  all-clear 
jjosition.  The  interlocking  ajjparatus  in  the  tower  is  peculiar.  The 
shafts  which  serve  to  throw  the  switches  and  signals  are  insulated  by 
rubber  coverings,  upon  which  are  strips  of  platinum,  and  between  the 
shafts  are  springs  for  closing  the  circuits,  so  arranged  that  the  sending 
of  the  current  for  a  given  signal  is  made  dependent  upon  the  jDrevious 
jjroper  setting  of  all  the  switches  involved.  Throwing  any  switch  out 
of  position  would  break  the  circuit  and  bring  the  signal  to  danger. 
When  a  signal  is  cleared,  the  cranks  of  all  the  switch  shafts  involved 
are  mechanically  locked  by  a  special  locking  bar.  Before  the  signal- 
man is  a  model  of  the  yard,  with  movable  switches  which  follow  the 
motions  of  the  actual  switches  as  soon  as  the  latter  are  fully  thrown. 
Track  circuits  are  also  arranged,  by  which  the  ojierator  can  see  which 
tracks,  if  any,  are  occupied  by  cars.  Little  covered  windows  -vsith  the 
number  of  the  route,  together  with  an  electric  bell,  announce  auto- 
matically the  approach  of  each  train,  as  well  as  the  route  which  it 
takes. 

Bianchi  &  Serrettaz. — Notwithstanding  the  unfavorable  results 
attained  in  America  with  the  use  of  hydraulic  pressure  for  operating 
the  switches,  Messrs.  Bianchi  k  Servettaz  have  recently  brought 
forward  a  signal  system  which  they  have  tried  on  the  Italian  Medi- 
terranean road,  and  which  has  also  been  introduced  tentatively  in 
Germany  by  the  firm  Haniel  k  Lueg,  in  Diisseldorf.  In  order  to 
prevent  freezing,  the  water  is  mixed  with  40^  of  glycerine,  and  is  used 
under  a  pressure  of  50  to  60  atmospheres.  The  jaressure  serves  not 
alone  for  transmitting  the  power,  but  also  for  effecting  return  signals 
from  the  tongue  of  the  switch  to  the  operating  lever.  This  not  only 
informs  the  operator  accurately  of  the  iiosition  of  the  switch  at  any 
time,  and  of  its  movement  when  being  thrown,  but  is  arranged  to  pre- 
vent him  from  clearing  a  route  for  which  the  switches  are  not  all 
properly  set. 
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"While  iu  tlie  Italian  interlocking  apparatus  the  switches  are  firmly 
locked  in  i)osition  when  thrown,  the  above-named  German  firm  has 
made  them  as  safety  switches,  so  that  they  may  be  run  through  trail- 
ing, even  when  set  for  the  wrong  track.  These  safety  switches  differ 
in  their  action  from  those  previously  described  in  one  important 
respect,  viz.,  that,  after  being  run  through  the  points  they  again 
assume  their  former  correct  position  instead  of  being  thrown  over. 
This  system  has  yet  to  be  exposed  to  the  test  of  practical  operation. 

Concluding  Remarks. — According  to  the  report  of  Messrs.  F.  Biite 
and  von  Borries,  who  were  commissioned  in  the  spring  of  1891  by  the 
Minister  of  Public  Works  to  make  a  tour  of  inspection  in  America, 
these  engineers  saw  at  the  Jersey  City  Station  of  the  Pennsylvania 
Railroad  three  passenger  trains  leave  the  train  house  almost  at  the 
same  time  and  proceed  on  the  same  track  within  1^  minutes,  each 
train  receiving  its  complete  signals,  and  safety  of  operation  being  com- 
pletely assured. 

If  we  are  to  judge  of  the  jjerfection  of  an  apparatus  by  its  results, 
we  must  undoubtedly  award  the  j^alm  to  the  American  interlocking 
systems,  especially  that  of  the  Union  Switch  and  Signal  Comiaany. 

With  the  English  interlocking  system  it  has  not  been  possible  to 
attain  a  train  interval  of  less  than  two  minutes,  on  account  of  the 
greater  power  necessitated  by  the  use  of  rods  for  transmission  ;  while 
in  Germany  this  train  interval  must  be  considerably  increased  in  con- 
sequence of  the  complicated  process  of  announcing  trains. 

With  regard  to  the  objections  to  the  various  methods  of  leading  out, 
and  which  in  the  case  of  rods  (pipes)  and  wires  (besides  the  changes  of 
length  due  to  variations  of  temperature)  consist  particularly  in  the 
yielding  of  some  of  the  intermediate  supports,  resulting  in  binding 
and  difficulty  of  oj^eration,  we  may  here  specially  direct  the  attention 
of  railroad  engineers  to  the  use  of  compressed  air.  As  compared 
with  hydraulic  pressure,  compressed  air  has  the  advantage  that  it 
may  be  used  at  a  pressure  of  only  2.8  atmospheres,  while  the  former 
requires  a  pressure  of  50  to  60  atmospheres.  Moreover,  the  air  may 
be  allowed  to  escape  freely  anywhere  after  being  used,  while  the  use  of 
hydraulic  pressure  requires  a  special  return  pipe. 
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PaKT   VI. — MiSCELIiANEOTJS  SlGNAIiS. 

Switch    signals    in   general;    IVIax  Jiidel's;    Backofen's;    Cnm- 

ming's. 
Latowsky's  steam  alarm. 
Drilling  or  shifting  signals  in  general;   drilling  clock;  French 

indicators;  Hattemer's  track  describer. 
Train  signals;  bell  cord;    continuous  air  brakes;   electric  train 
signal  of  the  Eastern  Railway  of  France;  Eayl's  emergency 
signal;  Griggs'  train  signal;  Pennsylvania  Railroad  signal. 
Signals  for  hel^i;  use  of  the  telegraph  line;  Austrian  signal  for 
helj^;  Siemens  &  Halske's  signal. 
Switch  Signals. — Since  the  introduction  of  interlocking,  switch  sig- 
nals have  lost  much  in  importance,  for  the  interlocked  track  signals 
indicate  Tsdth  certainty  to  the  engineer  and  others  the  position  of  the 
switches.     In  Germany,  therefore,  no  steps  have  been  taken  of  recent 
years  towards  securing  uniformity  in  switch  signals.     By  the  new  sig- 
nal regulations  it  is  iJrescribed  that  switch  signals  must  indicate  by 
day  or  night,  by  their  form,  whether  the  switch  is  set  for  the  main 
track,  or  for  which  side.     Red  and  green  lights  are  not  to  be  used  for 
switch  signals,  unless  in  sj^ecial  cases  they  are  to  serve  at  the  same 
time  as  danger  or  cautionary  signals. 

These  regulations  are  complied  with  in  the  most  differing  ways. 
As  a  rule,  the  case  of  the  signal  lantern  forms  at  the  same  time  the  sig- 
nal, and  is  connected  with  the  tongue  of  the  switch,  so  that  it  turns  as 
the  latter  moves.  The  light  is  enclosed  in  glass  painted  white,  and  the 
signal  presents  the  same  form  by  day  as  by  night.  When  the  switch 
is  set  for  the  main  track,  the  lantern  shows  its  narrow  sides  in  both 
directions,  while  if  the  switch  is  set  for  the  turnout  it  shows  its  wide 
sides.  In  order  to  show  the  direction  of  the  turnout,  there  is  either  a 
black  arrow  in  the  proper  direction  on  the  white  sides  of  the  lantern, 
or  else  the  side  of  the  lantern  itself  is  given  such  a  form  as  will  show 
the  dii'ection. 

Although,  however,  the  switch  signals  have  lost  in  importance  as  re- 
gards train  movements,  they  have  retained  their  full  importance  as 
regards  shifting  or  di'illing  movements.  In  the  latter,  jjarticularly, 
derailments  are  frequently  caused  by  cars  running  over  a  facing  switch 
while  it  is  being  thrown  and  the  points  are  not  in  contact  mth  either 
fixed  rail.     In  order  to  indicate  with  certainty   the   contact  of  the 
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tongric  with  the  tixod  rail,  devices  have  hoou  constructed  in  which  a 
red  surface  or  light  is  shown  as  soon  as  (or  jnst  before)  the  tongue 
leaves  the  fixed  rail.  The  switch  may  therefore  have  three  distinct 
positions,  viz.:  (1)  for  the  main  track,  (2)  intermediate  position— dan- 
ger, and  (3)  for  the  turnout. 

The  firm  Max  Jildel  &  Co.,  in  Brunswick,  makes  such  a  signal, 
in  which  the  lantern  is  six  or  eight  sided.  When  set  for  the  main  line 
it  jj resents  a  white  surface  or  light;  in  the  intermediate  jiosition  it 
shows  red,  and  when  set  for  the  siding  it  shows  white,  with  a  black 
arrow. 

H.  Backofen,  of  Pesth,  proposes  a  small  semaphore  with  the  follow- 
ing three  positions  of  the  arm :  obliquely  upward  for  the  main  track, 
horizontal  for  danger,  obliquely  downward  for  siding.  The  prolonga- 
tion of  the  arm  carries  glass  shades  of  corresponding  colors. 

A  similar  signal,  that  of  Gumming,  has  been  introduced  in  America 
by  the  Pennsylvania  Steel  Company,  except  that  the  arm  is  vertical 
when  the  switch  is  set  for  the  main  track.  In  this  signal  the  arm  takes 
the  horizontal  position,  or  red  light  is  shown  when  the  lever  is  un- 
locked preparatory  to  throwing.  When  the  switch  is  set  for  the  siding 
the  proper  signal  appears  as  soon  as  it  is  locked. 

Latowsky's  Steam  Alarm. — The  shrill  sound  of  the  steam  whistle  is 
objectionable  and  disagreeable,  particularly  when  a  railroad  runs  close 
to  an  important  road  or  street,  or  even  upon  one,  as  may  be  the  case 
with  so-called  secondary  roads.  The  regulations  for  secondary  roads 
in  Germany  prescribe,  therefore,  that  wherever  there  are  unprotected 
highway  crossings  at  grade,  the  locomotive  must  be  provided  with 
some  other  form  of  alarm. 

For  this  jsurpose  Latowsky  has  made  a  steam  alarm  which  is  as  in- 
genious as  simple.  He  evidently  had  in  mind  the  rattling  made  by 
the  cover  of  a  pot  on  the  fire.  Steam  enters  a  vessel  through  a  small 
orifice,  and  escapes  through  a  wide  opening  above  which  is  covered  by 
a  rattler,  upon  which  is  a  hammer.  This  hammer  strikes  upon  a  bell 
w^hich  surrounds  the  vessel,  making  200  to  220  blows  per  minute,  in- 
dependent of  the  steam  pressure  in  the  boiler;  indeed,  it  strikes  more 
rapidly  the  lower  the  pressure.  A  boiler  pressure  of  two  atmospheres 
is  sufficient  to  w'ork  the  apparatus.  In  the  newer  alarms  the  steam  is 
conducted  through  a  receiver  to  the  chimney  after  being  used. 

Drilling  Signals,— In    order  to  direct  the  signal-men  in  the  signal 
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toTvers  of  large  stations  as  to  tlie  drilling  movements  desired,  vocal  or 
hand  signals  are  generally  insufficient.  Whistling  signals,  though 
much  used,  have  proved  too  annoying  to  people  in  the  neighborhood, 
especially  near  large  cities  or  much-traveled  streets,  and  have  had  to 
be  partially  given  up,  notwithstanding  their  suitability.  The  use  of 
a  speaking  tube  leading  from  a  suitable  point  m  the  yard  to  the  signal 
towers  has  proved  practicable  only  for  short  distances.  Other  means 
have  therefore  been  brought  into  use.  One  of  these  is  the  "drilling 
clock  "  (Rangiruhr),  -n-hich  has  proved  satisfactory,  and  in  which  com- 
munication is  made  with  the  signal-man  by  mechanical  means.  It  con- 
sists of  two  discs,  one  of  which  is  operated  by  the  man  in  charge  of 
the  shifting,  and  is  conveniently  located  for  him,  while  the  other  is  in 
the  signal  tower.  Both  discs  are  graduated  and  labeled  to  correspond 
with  the  diiferent  switching  movements,  and  the  disc  in  the  tower  also 
has  designated  upon  it  the  position  of  the  switches  to  be  set  for  each 
movement.  The  discs  are  connected  by  a  wire  and  rotate  together,  a 
fixed  pointer  indicating  the  desired  movement.  Sometimes  the  discs 
are  fixed,  and  the  pointers  rotate. 

Electrical  means  of  communication  have  also  been  used  in  some 
devices.  Of  these,  however,  the  electrical  indicators  introduced  on 
French  roads  are  said  to  have  j^roved  too  fragile  and  uni-eliable. 

Better  results  have  been  attained  with  the  track  indicator  proposed 
by  Hattemer  in  Berlin.  It  consists  of  a  metal  case,  on  the  outside  of 
which  the  numbers  of  the  tracks  are  placed  side  by  side.  Above  the 
row  of  numbers  is  a  slot  covered  with  glass,  in  which  as  many  square 
white  discs  may  appear  as  there  are  tracks  to  be  indicated;  and  between, 
the  slot  and  the  track  numbers  is  a  row  of  brass  jjull-rods  projecting 
from  the  case.  The  complete  aj^paratus  consists  of  two  of  these  boxes, 
electrically  connected,  one  in  the  signal  tower  and  one  within  reach  of 
the  station-master,  or  whoever  has  charge  of  the  drilling.  When  the 
station-master  wants  the  switches  set  for  a  certain  track,  he  pulls  down 
the  corresponding  rod  in  his  instrument,  whereupon  both  instruments 
show  the  proper  square  disc.  The  signal-man,  by  pulling  the  corre- 
sponding rod  in  his  instrument,  causes  both  discs  to  disapiaear. 

Traill  Signals. — Numberless  are  the  signals  which  have  been  de- 
vised for  enabling  the  passengers  or  conductor  of  a  train  in  motion 
to  communicate  with  the  engineer.  As  these  are  only  to  be  used  in 
case  of  emergency,  they  may  be  designated  emergency  signals.     The 
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simplest  auil  most  commou  of  these  is  the  eoutiuiioiis  bell-t-onl,  oue  end 
of  whii-h  is  attached  to  the  bell,  whistle,  or  other  alarm  ou  the  engine, 
which  can  thus  be  sounded.  The  bell-cord,  however,  is  not  easily 
reached  by  passengers,  and  its  use  requires  a  certain  amount  of 
strength.  It  has  the  advantage  that  it  indicates  the  breaking  apart 
of  the  train;  but  in  such  case,  were  the  engineer  to  bring  his  portion  of 
the  train  to  an  immediate  stop,  a  collision  with  the  rear  portion  might 
ensue,  to  prevent  which  great  care  would  have  to  be  exercised  by  the 
engineer  and  the  train  hands. 

This  introduction  of  continuous  air  brakes  has  rendered  it  possible 
to  do  away  Avith  the  bell-cord,  and  to  j)lace  it  in  the  power  of  any  pas- 
senger, in  case  of  emergency,  to  stop  the  train  at  once.  Since  in  case 
of  breaking  apart  of  a  train,  both  parts  are  at  once  brought  to  a  stop, 
all  the  requirements  are  here  met  in  a  most  perfect  manner.  Some 
little  time  must  elapse,  hoAvever,  before  all  passenger  trains  are 
completely  equipped  with  air  brakes,  and  until  then  some  of  the 
devices  hitherto  used  must  be  retained. 

Among  these,  the  most  common  aj)i3ears  to  be  the  electric  train  signal 
used  on  the  French  roads.  The  locomotive  is  connected  electrically 
with  every  car  of  the  train,  the  battery  being  placed  in  the  first  brake- 
man's  box  back  of  the  engine.  In  the  last  brakeman's  box  of  the  train 
is  a  reserve  battery  with  alarm.  The  alarm  on  the  engine  can  be 
rung  from  each  brakeman's  post  and  from  each  compartment.  The 
train  hands  communicate  short  signals  with  each  other  by  means 
of  press-buttons.  For  the  passengers  there  is  a  box  from  which  a 
button  projects.  If  the  button  is  pulled  out,  a  cam  revolves  inside 
the  box,  the  current  is  closed,  and  the  alarm  rings  continuously.  At 
the  same  time,  signal  arms  appear  on  each  side  of  the  car,  which  hang 
vertically,  and  are  made  to  appear  by  mechanism  within  the  walls 
separating  the  compartments,  thus  indicating  the  compartment  from 
which  the  alarm  was  given.  When  the  alarm  has  been  given,  the 
jjassenger  cannot  push  back  the  button  into  its  original  position  ;  but 
when  the  arms  are  made  invisible  by  being  jjushed  l)ack  into  the 
horizontal  position,  the  cam  of  the  instrument  is  revolved  into  a  posi- 
tion such  that  the  button  can  be  pressed  back. 

On  Austrian  roads  the  emergency  signal  of  Eayl  is  recommended 
for  general  use.  At  the  head  of  the  train,  or  at  each  end,  is  an  alarm, 
and  at  each  end  a  batterv,  the  tAvo  connected  by  a  circiiit,   but  in 
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opposite  directions.  The  metallic  brake  rods,  etc.,  may  be  used  as 
one  part  of  the  circuit.  Normally  no  current  jjasses,  but  when  the  two 
jjarts  of  the  circuit  are  connected  at  any  j^oint,  a  current  passes  from 
each  battery  and  the  alarm  is  sounded.  The  connection  is  made  by 
revolving  a  shaft  which  runs  continuously  over  the  tojjs  of  the  cars, 
which  can  be  done  from  within. 

Another  electric  train  signal  is  that  of  Griggs,  used  on  some  of  the 
American  roads.  This  blows  a  sj)ecial  whistle  on  the  engine,  by  means 
of  the  compressed  air  from  the  train  brake-pipe. 

Finally,  we  may  mention  that  the  Pennsylvania  road  has  introduced 
instead  of  the  bell-cord  a  continuous  rubber  hose  under  the  car  body, 
which  is  supplied  with  comi)ressed  air  at  a  pressure  of  little  over  one 
atmosphere  from  the  comiDressed  air  reservoir.  This  is  connected  with 
the  whistle  in  such  a  way  that,  as  long  as  there  is  pressure  in  the  pipe, 
the  whistle  does  not  sound,  but  when  the  train  breaks  apart  or  the 
pressure  is  released  by  opening  a  valve,  the  whistle  sounds  until  the 
pressure  is  restored.  Other  signals  can  also  be  given  by  this  ap- 
paratus. 

Signals  for  Help. — If  a  train  meets  with  an  accident  and  is  stalled 
on  the  road,  it  is  necessary  to  send  word  to  the  nearest  station  and  get 
assistance.  Such  cases  are  fortunately  rare,  so  that  a  complete  signal 
system  has  not  been  developed.  If  the  stations  are  not  far  apart,  the 
quickest  and  surest  way  will  generally  be  to  send  out  a  messenger, 
particularly  on  roads  using  the  block  system  and  where  trains  follow 
each  other  closely.  If,  on  the  contrary,  the  stations  are  far  apart, 
some  roads  have  placed  intermediate  telegraph  stations  at  suitably 
situated  section-houses,  which  are  only  to  be  used  in  case  of  necessity, 
and  are  operated  by  trackmen.  In  some  cases,  also,  the  existing  tele- 
graph line  has  been  arranged  so  that  instruments  can  be  inserted  at 
certain  j^oints,  the  instruments  being  kejjt  ready  for  use  in  case  of 
necessity  in  the  nearest  section-house.  To  carry  telegraph  instru- 
ments for  this  purpose  on  trains,  however,  apjiears  inadvisable,  con- 
sidering that  in  case  of  accident  the  instruments  as  well  as  the  operator 
are  exjjosed  to  danger. 

The  methods  which  have  been  described,  however,  serve  more  to 
send  telegrams  from  intermediate  j^oints  on  the  road  than  to  signal. 
Although  special  means  of  giving  signals  for  assistance  are  not  generally 
provided,  the  continuous  electric  block  signal  apparatus,  such  as  is 
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fouuil  tliroiigliout  (xermauy  aud  Austria,  offers  a  means  of  giving  such 
signals.  If,  as  is  generally  the  case  in  Austria,  the  bell  signal  circiiit 
is  operated  w'ith  a  closed  circuit,  all  that  is  necessary  is  to  provide  the 
intermediate  (emergency)  stations  with  current  breakers.  Each  time 
the  circuit  is  broken,  the  bell  strikes  once  at  each  station  on  the  sec- 
tion, so  that  the  desired  signal  can  be  given  by  a  certain  combination 
of  strokes.  For  instance,  the  signal  "  locomotive  wanted,"  is  given  by 
live  strokes  re  ideated  three  times.  Five  strokes  and  one  stroke,  repeated 
three  times,  is  the  call  for  an  engine  with  workmen.  If  the  key  is 
operated  by  the  hand,  inacLniracy  may  lead  to  misunderstanding  in  the 
case  of  a  signal  which  derives  its  meaning,  not  simply  from  the  number 
of  strokes,  but  also  from  their  grouping.  Many  roads,  therefore,  for 
signaling  of  this  kind,  xise  automatic  keys,  oj^erated  by  the  hand  or  by 
clockwork,  which  make  such  errors  impossible. 

If  the  alarm  circuit  is  operated  by  an  induction  current,  it  may  be  used 
also  for  a  battery  current  too  weak  to  oj^erate  the  alarms,  but  sufficient 
for  the  signals  for  assistance.  Making  use  of  this  principle.  Siemens 
&  Halske  have  added  to  their  alarm  apparatus  a  special  device  by 
which  signals  can  be  given  at  Morse  piinting  instruments  inserted  in 
the  ciiTuit  at  the  end  stations  of  the  sections.  For  this  purpose  an  in- 
sulated brass  disc  with  depressions  along  its  edge  is  placed  on  the  axis 
of  the  alarm.  A  contact  spring  presses  on  the  edge,  and  the  circuit  is 
only  closed  while  the  sjsring  passes  over  a  depression.  This  alternate 
closing  and  breaking  of  the  current,  as  the  disc  revolves,  produces  the 
Morse  characters  if  the  depressions  on  the  disc  are  properly  jjropor- 
tioned.  The  number  of  signals  which  can  be  given  is  limited  by  the 
fact  that  each  signal  requires  a  special  disc  as  well  as  a  special  key  for 
bringing  the  contact  spring  over  the  discs  and  at  the  same  time  releas- 
ing the  alarm.  Each  disc  gives  also  on  the  Morse  strip,  at  the  station, 
on  either  side,  the  number  of  the  alarm  from  which  the  signal  is  given. 

This  apparatus  works  perfectly  as  long  as  the  alarm  is  wound  up. 
If  it  should  run  down  and  the  contact  spring  happen  to  be  between  two 
depressions,  the  circuit  would  be  broken. 

If  a  signal  for  help  is  given  from  any  point,  an  alarm  is  given  at  the 
two  neighboring  stations,  upon  which  the  signal-men  at  those  stations 
are  at  once  to  insert  the  Morse  instrument  in  the  circuit,  and  take  the 
message.  In  order  that  they  may  have  time  to  do  this,  the  signal  key 
must  be  held  in  the  alarm  which  has  been  released  until  the  latter  has 


542  KECKER  ON  EAILWAY  SIGNALING. 

given  42  to  48  strokes  of  tlie  bell.  If  tlie  signal  has  been  correctly  re- 
ceived at  the  adjacent  stations,  one  of  the  latter  replies  by  giving  the 
so-called  "alarm  signal,"  which  consist  of  six  strokes  six  times  re- 
peated, and  which  is,  of  course,  j^rodnced  on  all  alarms  in  the  circuit. 
The  signal  is  generally  given  from  the  station  which  has  last  signaled 
the  train  in  question.  If  the  alarm  signal  is  not  given  shortly  after 
the  signal  for  resistance,  the  latter  must  be  repeated  till  it  is  acknowl- 
edged. Since,  however,  while  a  train  is  passing  a  certain  section,  the 
telegraph  apparatus  at  the  two  end  stations  is  closely  watched,  in  order 
to  give  or  receive  notice  of  the  arrival  of  the  train  at  the  further  sta- 
tion, the  operations  involved  in  giving,  receiving,  and  acknowledging 
a  signal  for  help  generally  take  place  very  quickly,  seldom  requiring 
more  than  four  minutes. 
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TRANSMISSION  OF  POWER  IN  OPERATING  CABLE 
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Columbian  Exposition,  1893. 


The  subject  of  power  and  power  transmission  will  not  be  consid- 
ered in  this  paper  theoretically  or  mathematically,  but  in  a  practical 
manner.  It  is  proposed  to  treat  of  that  branch  of  the  subject  which 
relates  more  particularly  to  cable  street  railways. 

One  cannot  enter  the  central  power  station  of  a  cable  railway  sys- 
tem without  feeling  impressed  with  the  mechanical  results  secured. 
Large  engines,  working  day  and  night  and  knowing  no  rest  ;  large 
rotating  gears,  whose  continued  roar  tells  the  story  of  mechanical 
work,  which  is  in  turn  performed  by  the  steel  cables  which  pass  out 
into  the  street  from  rapidly  moving  driving-drums.  This  activity, 
these  moving  gears  and  drums,  the  regular  click  of  the  engine  valves, 


Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
■will  be  published  simultaneously  in  the  number  for  December,  1893. 


544  GILLHAM  ON  CABLE  RAILWAYS. 

all  tell  the  interesting  story  of  power  generation  and  power  transmis- 
sion. To  those  not  informed,  a  scene  like  that  ordinarily  presented  in 
an  operated  cable  railway  station  is  bewildering  and  confusing  in  the 
extreme.  It  commands  respect  and  admiration,  and  while  the  result 
of  power  generation  is  invisible,  the  mind  cannot  measure,  even  by 
comparison,  the  ever-varying  degrees  of  power  developed. 

The  engineer,  at  the  side  of  the  engine  cylinder,  with  oil-stained 
overalls,  takes  a  little  paper  card  from  a  small  instrument,  the  indica- 
tor, which  tells,  in  detail  and  with  certainty,  much  about  this  question 
of  power.  We  will,  in  imagination,  visit  a  few  cable  power  stations, 
and  learn,  if  possible,  something  about  their  arrangement  and 
machinery  for  power  transmission,  etc.,  and,  by  taking  a  few  indicator 
cards,  try  to  learn  something  about  the  great  forces  that  operate 
them. 

Kansas  City,  Mo.,  has,  it  is  said,  one  of  the  most  complete  cable 
railway  systems  in  the  country.  Without  passing  on  this  point,  it  may 
be  said  that  this  city  is  most  thoroughly  supplied  with  cable  traction. 
Kansas  City  is  noted  for  its  bluffs  and  hills,  and  for  this  reason  the 
cable  railway  finds  a  wide  field  of  usefulness  here. 

The  location  covered  by  the  Kansas  City  Cable  Railway  Company's 
Eighth  and  Ninth  Street  lines  is,  no  doubt,  the  most  difficult  cable 
railway  location  to  which  we  can  refer.  This  road  was  promoted  and 
built  by  the  writer,  following  the  first  San  Francisco  roads.  It  is  con- 
sidered a  pioneer  road,  and  when  it  was  proposed  to  operate  the  main 
cable  around  right-angle  curves,  it  was  considered  impracticable  by 
many  engineers,  and  in  this  case  we  have  the  first  application  of  the 
main  cable  operating  such  curves. 

Curves  were,  wp  to  this  time,  operated  by  auxiliary  cables. 

There  are  two  right-angle  curves  on  this  line,  each  of  55-ft.  radius. 
Commencing  at  the  western  terminus  of  the  line,  at  the  Union  Depot, 
we  find  an  elevated  waiting-room  above  the  street,  then  a  level  i^iece  of 
track  for  a  distance  of  about  250  ft.,  then  a  IQ^^J"  ascending  grade 
on  an  elevated  steel  structure,  which  extends  to  the  summit  of  the 
high  blufi",  a  distance  of  about  1  000  ft.  From  the  summit  a  10%" 
descending  grade  for  a  distance  of  350  ft.  reaches  the  jjower  station. ' 

The  grades  from  the  jjower  station  all  descend  to  Main  Street,  where 
an  ascending  grade  of  lo^o  occurs  for  one  block,  then  an  ascending 
grade  of  IO/5   for  one  block,  where  a  right-angle  curve  is   located. 
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One  block  from  this  curve  auother  similar  curve  occurs.  Tbo  other 
grades  vary  from  a  level  to  8  per  cent.  It  will  be  seen  that  the  power 
station  is  near  the  western  terminus  of  the  road,  as  well  as  near  the 
steep  incline. 

The  cable  is  22  000  ft.  in  length,  jiassiug  from  the  power  station 
and  running  to  the  extreme  eastern  terminus  of  the  road,  then  re- 
turning to  the  western  terminus  at  Union  Depot;  thence  bv  the  south 
conduit  to  the  power  station.  The  length  of  this  division  of  the  road 
is  about  2  miles,  double  track. 

In  the  power  station  are  two  24  x  48  in.  Wright  engines,  one  of 
which  operated  the  road  until  the  Washington  Avenue  line  was  added. 
The  engine  shaft  has  a  pinion  keyed  to  it,  6  ft.  in  diameter,  15-in. 
face,  5-in.  pitch,  which  drives  a  large  gear  on  the  main-line  shaft,  10 
ft.  in  diameter,  15-in.  face,  5-iu.  pitch. 

The  main-line  shaft  extends  back  of  the  driving  drums,  on  which  is 
arranged  a  clutch  pinion  6  ft.  in  diameter,  10-in.  face,  4-in.  pitch, 
which  drives  the  drum  gears  arranged  on  the  driving  drum  shaft  ; 
these  gears  are  10  ft.  in  diameter,  10-in.  face,  4-in.  pitch.  The  in- 
termediate pinion  between  the  drum  gear  on  the  intermediate  shaft  is 
5  ft.  in  diameter,  10-in.  face,  4-in.  pitch.  The  cable  used  is  li  ins.  in 
diameter,  weighing  2.5  lbs.  per  linear  foot,  total  length  22  000  ft., 
'making  a  total  weight  of  cable  55  000  lbs.  Speed  of  cable  7.03  miles 
per  hour. 

A  series  of  three  or  four  tests  were  made  each  month,  in  order  to 
determine  accurately  the  horse-power  develojjed  in  performing  the 
work  of  propelling  the  cars  on  the  road  under  varying  conditions  of 
traffic  and  weather.  The  test  began  by  taking  36  indicator  cards  on 
the  first  day  of  the  test,  making  two  cards  each  hour  during  operating 
hours,  which  was  repeated  several  times  each  month,  covering  a  jjeriod 
of  about  10  months. 

It  will  be  seen  by  Table  No.  2  that  the  mean  power  required  to  propel 
a  grip  car  and  one  closed  car  with  i^assengers,  is  4|  H.  P.  There  are  no 
means  of  determining  the  passenger  load  on  these  trains,  but  the  grip 
car  without  passengers  weighed  4  800  lbs.,  and  the  passenger  coach, 
4  000  lbs. ;  these  cars  constituted  a  train.  The  mean  number  of  trains 
operated  during  this  period  was  9.6  trains  ;  the  lowest  number,  5.6 
trains  ;  the  highest,  13.2  trains. 

Many  times  when  cards  were  being  taken,  the  local  position   of 
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trains  was  sucli  tliat  a  large  proportion  of  tliem  were  descending  the 
various  grades  on  the  line  of  railway,  and,  having  contact  with  the 
cable  compensation  was  thus  secured,  and  very  little  power,  if  any, 
develojied  by  the  engine  ;  in  other  words,  gravity  for  a  brief  period  of 
time  performed  the  work  of  the  engine,  when  suddenly,  the  position 
of  the  cars  on  the  street  having  changed,  the  engine  seemed  almost 
instantly  to  develop  high  jjower  in  propelling  the  cars. 

The  mean  resistance  of  the  engine  and  main-line  shaft,  as  developed 
by  these  tests,  was  equal  to  16.41  H.  P.  The  lowest  resistance  noted 
was  12.24  H.  P.,  and  the  highest  21.12  H.  P.  The  variation  of  the 
resistance  of  engine  and  shaft  was  largely  due  to  the  Weston-Capen 
friction  clutch  on  the  main  shaft,  whose  plates  must  have  been 
slightly  in  contact,  thus  producing  brake  action.  These  clutches 
form  a  part  of  the  pinion  on  the  main  shaft,  and  were  used  for 
the  purpose  of  communicating  2^o""'er  to  the  pinion  and  thence  to 
the  driving-drums.  One  set  of  these  driving-drums  usually  requires 
5  H.  P.  to  operate  them,  without  cable.  The  mean  jiower  developed 
in  operating  the  cable  without  cars,  machinery  and  engine  was 
37.24  H.  P. 

The  total  number  of  indicator  cards  taken  during  the  tests 
Tvas  333. 

There  was  a  maximum  variation  of  about  5  H.  P.  in  the  power 
required  for  engine,  cable  and  machinery.  This  variation  was  no 
doubt  due  to  the  condition  of  the  road  machinery,  including  the  two 
right-angle  curves  having  defective  curve  jJuUeys,  poor  lubrication  and 
bad  weather. 

Commencing  with  Test  No.  12,  it  will  be  seen  that  the  power  in- 
creased to  a  trifle  over  42  H.  P. ,  an  increase  of  about  14  per  cent.  This 
was  largely  due  to  changes  in  the  road  machinery,  principally  the 
carrying  sheaves,  which  were  36  ft.  apart,  and  almost  doubled  in 
weight.  A  valuable  lesson  in  the  transmission  of  jjower  for  cable  rail- 
ways can  be  learned  by  studying  the  elements  that  caused  this  increase 
of  power. 

The  carrying  pulleys  originally  used  in  this  road  had  webs  of 
hght  corrugated  sheet  steel,  with  rims  from  rolled  plate  steel,  with  a 
groove  for  the  cable,  the  rim  being  riveted  to  the  corrugated  web, 
diameter,  22  ins. ;  weight,  37  lbs. ;  diameter  of  journal,  ^  in.  During 
the  period  of  the  test,  a  great  many  of  the.se  carrying   pulleys  were 
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removed,  and  in  their  places  a  pulley  22  ins.  in  diameter,  |  and  1|  in. 
journal,  from  cast  iron  was  used,  weighing  76  lbs.,  which  resulted  iri 
increasing  the  power  required  to  drive  the  rope. 

The  variation  of  power  develoiDed  in  jjropelling  cable,  cars  and 
passengers,  as  shovm  by  the  table,  needs  no  comment;  varying  loads, 
conditions  and  weather,  all  contribute  to  the  changes  shown  in  this 
column. 

The  jsercentage  of  total  horse-power  to  operate  the  engine  and  main 
shaft,  cable  and  machinery,  cars  and  passengers,  is  shown  also  in 
Table  No.  1.  The  mean  percentage  of  total  power  developed  and  re- 
quired to  overcome  resistance  and  operate  the  engine  and  main  shaft 
was  17. 11  per  cent.  The  mean  j^ercsntage  of  total  power  develojied  to 
operate  the  cable  and  machinery  was  38  per  cent. 

The  mean  percentage  of  total  power  developed  to  propel  cars,  with 
passengers,  was  44.45'o,  which  leaves  0.45  of  1%  unaccounted  for,  due 
probably  to  slight  errors. 

The  tension  on  the  cable  was  observed  to  vary,  depending  directly 
upon  the  position  of  trains  and  condition  of  traffic. 

The  minimum  stress  on  the  cable  was  secured  when  six  trains  were 
operated.  The  maximum  stress,  with  this  number  of  trains,  was  8  350 
lbs. ;  the  mean  stress,  3  804  lbs. 

The  maximum  stress  was  observed  when  13  trains  were  operated  ; 
with  this  number  of  trains  the  maximum  stress  was  18  980  lbs. ;  the 
mean  stress,  6  270  lbs.  The  stress  on  the  cable  is  ever  changing.  If 
all,  or  a  large  proportion,  of  the  cars  are  descending  gi-ades,  the  stress 
is  low  ;  if  on  ascending  grades,  the  stress  approaches  maximum,  par- 
ticularly if  this  condition  arises  during  hours  of  maximum  travel. 

Several  extensions  were  made  of  this  system,  and  the  new  Wood- 
land power  station  was  built.  There  was  also  another  line  projected, 
built  and  operated  from  the  jjower  station  first  described,  called 
Washington  and  Summit  Street  line,  requiring  a  rojie  23  759  ft.  in 
length. 

Table  No.  3  shows  the  tests  made  on  the  cables  operated  from 
Woodland  Station,  which  have,  with  the  exce^jtion  of  Troost  Avenue, 
been  extended  since  the  tests  were  made. 

The  power  station  and  machinery  is,  in  design,  like  that  described 
above,  in  the  first  station.  After  numerous  tests,  the  following  was 
adopted  as  a  reliable  result.     (Table  No.  3,  page  550.) 
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Test  or   Cables— Woodland    Avenue   Engine-House — Kansas    Citt 
CabxlE  Railway. 
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Troost  Avenue,  33  600  ft. 

First  tests,  28  x  48  ins 

34.16 

25.4 

31.53 

96.76 

187.84 
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Independence     Avenue, 

8  571  ft. 

Second  tests,  28  x  48  ins. . . 

37.76 

26.87 

33.57 

104.17 

202.37 

72 

East  Ninth  Street,  6  202 
feet. 

Note. — In  this  test,  cables  all  taken  ofif  the  drums  and  each  indicated  as  put  back. 
Each  set  of  drums  required  5  H.  P. 

I 

The  driviBg  drums  in  both  power  stations  are  from   cast  iron,  and 

are  cast  solid,  vnih  grooves  for  ropes  cast  in  drums,  and  carefully 
turned  doAvn.  The  Woodland  Station  has  the  engines  arranged  end 
to  end,  each  engine  shaft  having  independent  balance  wheels  and  in- 
dependent jiinions,  which  jDinions  engage  with  the  same  driving  gear 
on  the  main  shaft,  one  on  one  side  and  the  other  on  the  other  side  of 
the  gear.  As  a  result  of  this  arrangement,  one  pinion  drives  down- 
ward, and  the  other  upward.  This  is  not  a  desirable  arrangement,  if 
it  is  proposed  to  work  the  engines  together  for  any  length  of  time,  in 
operating  the  cables  with  their  load.  Recently  it  became  necessary  to 
impose  the  additional  work  of  operating  the  main  line  on  the  Wood- 
land Station,  in  addition  to  the  three  roads  oj^erated  daily  from  this 
station.     This  additional  work  requires  the  use  of  both  engines. 

The  attempt  to  use  both  engines  was  of  short  duration,  as  one 
pinion  transmitted  power  to  the  main  gear  downward,  and  the  other 
on  the  opjjosite  side  of  the  gear  upward.  Both  pinions,  as  well  as 
gear,  were  dry  loam  castings;  neither  the  pinions  nor  gear  had  cut 
teeth.  There  were  inequalities  and  slight  variations  in  pitch,  due  to 
strains  and  swells  in  castings,  when  they  were  made.  .The  j^inions 
were  not  absolutely  and  theoretically  alike,  although  intended  to  be 
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alike,  an*!  iu  the  very  nature  of  things  could  not  be,  unless  tbey  were 
cut. 

The  engines  and  pinions  would  not  work  well  together,  aud  the 
disturbance  was  so  great,  that,  after  the  fracture  of  one  tooth,  the 
oiJeration    of  the  engines  and  pinions  together  was  abandoned. 

We  will  now  consider  the  Cleveland  City  Cable  Railway  system  of 
which  the  late  Colonel  W.  H.  Paine  was  constructing  engineer,  and 
the  writer  consulting  engineer. 

In  designing  the  machinery,  it  was  thought  more  desirable  to  con- 
nect the  engines  directly  to  the  main  shafts,  which  is  nothing  more 
than  an  extension  of  the  engine  shafts.  The  main  shaft  was 
placed  between  the  driving  drums,  occupying  exactly  the  same  posi- 
tion that  the  intermediate  shafts  of  the  Kansas  City  cable  machinery 
occupies,  and  the  intermediate  gear  in  the  Cleveland  case  became 
clutch  gears. 

The  Cleveland  engines  are  Wright  automatic  engines,  38  x  60  ins., 
the  fly-wheel  with  each  engine  weighing  115  000  lbs.  Revolutions  per 
minute,  64. 

The  engines,  as  stated,  are  connected  with  the  main  shaft,  one  at 
each  end,  the  main  shaft  having  a  length  of  116  ft.,  and  a  diameter  of 
16  ins.  The  pinions  engaging  with  the  drum  gears  are  5  ft.  1  in.  in 
diameter,  12-in.  face,  with  4  J -in.  pitch,  which  are  arranged  for  plate 
friction  clutches,  Weston-Capen  type.  The  gears  are  cast  iron,  dry 
loam  castings,  and  are  all  13  ft.  3  ins.  diameter,  12-in.  face,  and 
4j-in.  pitch.  The  driving  drums  are  eight  in  number;  the  last  four 
are  not  with  their  gears,  etc.,  placed  iu  position,  the  road  to  be 
operated  by  them  not  having  been  built.  The  last  set,  however,  is 
shown  on  the  drawing,  but  have  not  been  jjut  in  ;  those  in  use  vary  in 
diameter,  that  constant  speed  of  engine  may  be  had  and  differing  speed 
of  ropes  secured.  One  pair  of  drums  is  16  ft.  in  diameter,  one  i^air 
12  ft.,  and  the  remaining  two  pairs  are  14  ft.  in  diameter.  The  drums 
have  not  solid  rims,  but  are  provided  with  renewable  and  movable 
steel  groove  rings  known  as  Walker's  patent  rings.  Each  ring,  which 
contains  a  groove  for  the  cable,  is  indej^endent  of  the  others,  and  this 
allows  equalization  of  stress,  when  necessary,  in  the  cables  around  the 
driving  drums.  In  order  to  equalize  this  unequal  stress  of  the  cable 
in  the  use  of  solid  drums,  the  rope  is  compelled  to  slip  in  the 
grooves  of  the  drums.     In  using  the  differential  rings  referred  to,  the 
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rope  does  not  slip,  but  the  rings  forming  the  grooves  and  rim  of 
the  drums  perform  this  action,  and  are  kept  thoroughly  lubricated 
at  the  inner  side  of  the  ring  where  contact  with  the  shell  of  drum 
is  had. 

In  i^roviding  specifications  for  driving  drums,  it  is  the  practice  to 
require  the  diameter  of  the  first  groove  of  solid  di'ums  to  be  slightly 
larger  than  the  second  and  third  for  the  reason,  as  was  maintained, 
that  the  wear  on  the  first  groove  would  be  much  greater  than  on  any 
of  the  others. 

The  examinations  of  a  number  of  solid  drums  after  five  or  six 
years  of  use,  have  shown  a  very  great  reduction  in  the  diameter 
of  the  drums,  amounting  to  a  reduction  from  1  to  li  ins., 
due  to  slip  of  cable.  A  majority  of  the  drums  examined,  however, 
showed  that  the  greatest  wear  was  in  the  first  groove.  This  condition 
of  drums  naturally  resulted  in  a  great  waste  of  power,  excessive  and 
unequal  stress  on  the  cable  and  its  rapid  wear,  and  early  destruction 
of  the  drum  rim.  This,  however,  caused  no  serious  trouble,  as  the 
grooves  of  the  solid  drums  were  turned  to  relatively  the  same 
diameter  from  time  to  time,  to  correct  the  trouble.  The  difi"erences 
in  the  circumference  of  drum  grooves  of  varying  diameters  are  much 
greater  than  imagined,  even  though  the  difi'erence  in  diameter  is 
small. 

12  ft.  diameter 37 .  699  circumference. 

Hi  ft.       "        37.306 

Difiference 0.393  ft. 

Each  section  of  cable  on  drums,  therefore,  in  order  to  maintain 
equal  speeds  under  these  conditions,  must  slip;  if  a  slip  occurs,  in  ad- 
dition to  the  wearing  eflFect  upon  the  grooves  of  the  driving  drums  and 
cable,  it  also  acts  as  a  brake  to  the  rotation  of  the  drums,  and  thus 
more  i^ower  is  required  to  drive  the  cable. 

It  must  be  remembered,  that  in  the  operation  of  all  cable  railways, 
increased  adhesion  of  the  cable  to  the  driving  drums  is  secured  by 
means  of  a  tension  car  with  a  large  sheave,  to  which  the  cable  passes 
from  the  driving  drums,  and  from  which  sheave  it  j^asses  into  the 
street. 

Attached  to  this  car,  which  has  a  horizontal  movement,  is  a   chain 


GILLTIAM  ON  CABLE  RAILWAYS. 


553 


■which  i^asses  to  a  deep  pit  at  the  remote  oml  of  the  tension  car  track, 
to  which  is  attached  heavy  tension  weights,  varying  in  different  cable 
railways  from  3  000  to  7  500  lbs.  By  the  weights  acting  on  the  mov- 
able car,  all  slack  coming  into  the  station  is  taken  care  of,  as  well  as 
the  resistance  on  the  driving  drums  maintained. 

In  this  power  station,  crude  oil  is  used  for  fuel  for  the  genei-ation 
of  steam. 

The  writer  wishes  now  to  point  out  a  few  interesting  facts  relating 
to  the  test  and  computation  of  power  developed  in  the  operation  of 
these  cable  railways. 

TABLE  No.  4 
CiiEVELAiOD  City  Eatlwat. 


Name  of  Line. 

Speed  per  Hour. 

Length  of  Cable. 

West  Payne  Avenue 

12  miles 
12      " 

12       " 
14       " 

4      " 

24  050  ft. 

25  300    " 

West  Superior  Street  (changed  from  10  to  12  miles 

24  300   " 

23  900    " 

W^ater  Street  (auxiliary  cable,  driven  by  WestSuper- 

7  850    " 

One  of  the  jiroblems  in  designing  this  railway  was  the  ojjeratiou  of 
the  cable  from  the  Post  Office  Park  to  "Water  Street,  on  West  Suf)erior 
Street,  where  electric  cars,  horse  cars  and  cable  cars  are  compelled 
to  use  the  same  track,  and  where  the  headway  of  cars,  due  to  the  com- 
mon use  of  this  section  of  the  road,  is  as  low  at  certain  hours  as  Ij 
minutes. 

From  Sui^erior  Street  the  line  follows  Water  Street  to  the  Union 
Depot.  This  difficulty  was  met  by  ojjerating  this  section  of  the  rail- 
way by  means  of  an  auxiliary  cable  7  850  ft.  in  length,  driven  by 
means  of  auxiliary  driving  machinery  in  a  vault  under  Superior  Street, 
at  the  Post  OflBce.  The  auxiliary  machinery  is  driven  by  power 
taken  from  the  West  Superior  Street  main  cable,  which  runs  at  a  speed 
of  12  miles  per  hour,  and  which,  in  turn,  by  the  arrangement  of  the 
auxiliary  machinery,  operates  the  auxiliary  cable  to  the  Union  Depot 
at  a  speed  of  4  miles  per  hour. 
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TABLE  No.  5. 

CliKVEIiAND   CiTX   CaBLE   EaILWAY. 

(Table  Illustrating  Brake  Action  of  Friction.  Clutclies. ) 


Test. 

Load. 

Indicated 
horse-power. 

Length  of 
cables  in  ft. 

Eemabes. 

1 

2.... 

3 

Engine  and  line  shaft  only. 
Engine,  line  shaft  and  East 

Superior  Street  cable  only. 
Engine,  line  shaft  and  West 

Superior  Street  cable  only 

143.65 
173.51 

141.50 
158.93 
184.44 
802.03 

509.5C 

23  900 

24  300 

24  050 

25  300 

It  will  be  noticed  that  the 
sum  of  the  H.  P.  of  the  in- 
dividual tests  of  each  cable 
(without  cars)  is  802.03  H. 
P.,  which  sum,  if  correct, 
would  equal  the  power  re- 
quired to  drive  all  the  ca- 
bles empty.  Test  No.  6 
gives  the  actual  power  re- 
quired to  operate  all  the 
cables  with  30  trains  and 
Iheir  load  as  509.56  H  P. 

4 

5 

Engine,  line  shaft  and  West 
Payne  Avenue  cable  only. 

Engine,  line  shaft  and  East 
Payne  Avenue  cable  only. 

Total 

6 

All  cables  in  operation  and 
30  trains  or  64  cars  in  oper- 

which  is  correct,  as  the 
clutches,  when  all  thrown 
in,  could  not  exert  brake 
action.    The  difference be- 

brake  rction  292.47  H.   P. 

292.47 

tests  for  cibles  only  ex- 
ceeds this  amount  by  the 
power  required  for  cars. 

Total  power  computed  from  first  series  of  cards, 
which  were  taken  when  all  the  cables  were  in 
operation,  including  auxiliary  and  including  also 
engine  and  shaft  resistance,  was 487.14  H.  P. 

Total  i^ower  determined  by  individual  test  of  cables, 
by  first  taking  cards  for  all  cables,  and  then 
throwing  out  one  cable  and  indicating  the  others, 
and  thus  testing  each  cable,  in  the  same  manner, 
without  engine  and  shaft  friction,  gave  as  indi- 
cated in  table 354.42      " 

Engine  and  shaft  friction,  as  shown  by  cards  for  same .    122.37      " 

Total 476.79      " 

Power  unaccounted  for 10.35      " 

It  will  be  observed  that  the  high-speed  cables  require  much  more 
power  per  linear  foot  than  the  other  cables  when  considered  independ- 
ent of  cui-ves. 

The  cables  are  all  1  i  ins.  in  diameter  and  weigh  2. 6  lbs.  jjer  linear  foot. 

The  tests  illustrating  brake  action  are  given  for  two  purposes,  one 
to  illustrate  the  fact  that  all  tests  made  of  cable  plants  and  power  de- 
veloped cannot  be  relied  upon,  and  also  for  the  purjDose  of  pointing 
out  the  elements  of  error  in  these  tests. 
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Shortly  after  the  indicator  cards  were  examined,  and  the  computa- 
tion of  power  made,  the  company  was  notified  that  one  or  more  of  the 
friction  ckitches  were  out  of  adjustment.  Before  the  diflBculty  was 
corrected,  on  many  occasions  it  was  noticed  that  the  West  Superior 
cable  clutch,  if  thrown  out  temporarily  for  the  purpose  of  making  neces- 
sary examination  of  the  cable,  would  almost  instantly  become  heated, 
and  on  several  occasions  it  became  so  hot  that  a  stream  of  water  from 
a  small  hose  had  to  be  used  to  cool  it.  An  examination  of  the  clutch 
and  its  movements  developed  the  fact  that  the  horizontal  movement  of 
the  plates  constituting  the  clutch  was  not  sufficient,  and  generally  left 
the  jDlates  slightly  in  contact  with  the  fixed  plates  that  rotated  with  the 
shaft,  when  the  lever  was  in  a  i^osition  that  should  maintain  absolute 
separation  of  the  friction  plates.  The  only  means  of  relief  was  to  take 
the  cable  off  the  driving  drums  when  it  needed  repairs,  throw  the  clutch 
in,  and  ojjerate  the  emi^ty  drums  with  the  rest  of  the  machinery,  until 
the  cable  had  been  rejjaired,  when  the  drums  were  for  a  few  minutes 
stopped  and  the  cable  rejilaced  on  them  and  again  started.  These  de- 
fects were  corrected  and  the  clutches  projjerly  adjusted. 

On  another  occasion,  the  tests  made  to  determine  the  power  devel- 
oped during  hours  of  maximum  travel,  when  compared  with  the  power 
required  to  operate  emj^ty  cables  on  the  same  day,  developed  the  fact 
that  the  clutches  were  all  more  or  less  acting  as  brakes  on  the  empty 
cables  tested,  the  others  being  idle.  This  could  have  no  effect  upon  the 
work  of  the  engine  if  all  the  cables  were  in  operation,  but  if  any  one  of 
the  cables  had  been  stopped  for  any  purpose,  brake  action  on  the  rest 
would  immediately  take  i^lace. 

It  was  discovered  that  the  engineer  had  not  jjroperly  lubricated  the 
friction  j)lates  of  the  clutches,  which  had  become  gummed  up  with 
old  oil  and  which  caused  the  plates  of  the  clutch  to  adhere  to  each  other. 
It  was  found  that  cards  in  Test  No.  1  (in  Table  No.  5)  gave  a  mean 
resistance  of  143.65  H.  P.,  and  cards  in  Test  No.  3  (in  the  same  table) 
gave  141.50  H.  P.  This  is  more  remarkable  when  it  is  understood  that 
to  the  work  of  the  engine  as  shown  on  cards  in  Test  No.  1,  which  are 
supposed  to  indicate  only  the  power  develojied  in  operating  engine 
and  main  shaft,  all  the  driving  drums  and  cables  remaining  idle,  there 
is  added  the  "West  Superior  Street  cable,  24  300  ft.  in  length,  driven  at 
12  miles  j)er  hour,  and  the  auxiliary  machinery  at  the  Post  Office, 
including  its  cable,  7  850  ft.  in  length. 
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The  fact  was  ilovolopod  iu  subseqneut  tests,  that  the  power  required 
to  operate  the  West  Superior  Street  cable  auxiliary  machinery  and  its 
rope  was  75  H.  P. 

The  poAver  test  of  the  Cleveland  Cable  Railway,  illustrated  in  Table 
No.  6,  is  correct,  and  was  made  after  clutches  had  been  proijerly 
adjusted. 

It  is  needless  to  say  that,  iu  many  tests,  this  brake  action  of 
clutches  has  not  been  noted,  and  the  world  is  informed  that  the  re- 
sistance of  cable  machinery  is  too  high,  and  no  considerable  economy 
can  be  secured  in  the  operation  of  cable  railways. 

Thus  it  is  errors  creep  into  census  bulletins,  lectiires  and  papers 
on  the  subject  of  cable  traction. 

The  Denver  City  Cable  Railway  system,  is,  perhaps,  the  largest 
single  cable  plant  in  the  country,  that  is,  there  are  more  miles  of  cable 
railway  operated  from  its  power  station  than  from  any  other  single 
jjower  station  in  the  world,  which  affords  a  very  excellent  opportunity 
of  studying  the  question  of  power  transmission  in  its  relation  to  cable 
railways.  The  writer,  in  designing  this  system,  concluded  to  use 
cotton  rope  or  belt  transmission  from  the  engine  to  the  main  shaft,  and 
thus  do  away  with  the  necessity  of  using  cast-iron  pinions  on  the  engine 
shaft,  and  a  large  extra  gear  on  the  main  shaft.  In  order  to  oijerate  the 
entire  system  from  a  central  power  station,  it  became  necessary  to 
secure  a  certain  piece  of  i^roperty,  the  only  remaining  available  piece 
being  too  small  in  area  to  attempt  the  construction  of  any  but  a  very 
compact  i^lant.  Therefore,  rope  and  belt  transmission  was  not  con- 
sidered in  the  final  design  for  this  machinery. 

From  the  power  station  there  are  six  cables  oj)erated,  having  the 
following  lengths  and  speeds: 

TABLE  No.  7. 
Denvek  City  Cable  Razlwat. 


No. 

Name. 

Speed  per  Houb. 

DiAMETEK. 

Weight  peb 
Foot. 

Length. 

1 

•2 

Larrimer  Street 

10  miles. 

1,"4  in. 

Total  lin.  ft. 
over  33  miles. 

2.6 

23  100  feet. 
31  250     " 

3 

4 

5 

6 

Seventeenth  Avenue. 

Welton  Street 

West  Denver 

North  Denver 

31  347     " 
36  850     " 
28  000     " 
25  270     " 

175  817     " 
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The  engines  are  automatic  cut-off  engines,  two  in  number;  cylinder, 
36  ins.  in  diameter;  stroke,  60  ins. ;  engine  shaft,  20  ins.  in  diameter;  fly- 
■wheel,  20  ft.  in  diameter,  weighing  125  000  lbs.  Revolutions  per 
minute,  56. 

On  the  engine  shaft,  between  the  engines,  are  arranged  two  jDinions 
bolted  together  side  by  side,  staggered  so  that  the  teeth  of  one  alter- 
nate with  the  teeth  of  the  other.  The  diameter  of  these  jainions  is 
9  ft.  3  in.,  each  20-in.  face,  making  a  total  face  of  40  ins. ;  the  jntch, 
7i  ins. ;  total  weight,  45  000  lbs. 

The  gears  on  the  main  shaft  were  12  ft.  10  in.  in  diameter,  20-in. 
face,  each  staggered  like  the  pinions,  making  a  total  face  of  40  ins. ; 
pitch,  7^  ins. ;  total  weight,  70  000  lbs. 

The  large  gear  was  allowed  to  run  in  oil  at  the  lower  side  in  the  gear 
pit.     The  peripheral  speed  of  these  large  gears  was  2  257  ft.  per  minute. 

The  pinions  on  the  main  shaft  engaging  with  drum  gears  are  all 
clutch  gears,  and  are  12-in.  face,  642  ins.  diameter.  The  pinions  on 
the  intermediate  shaft  are  5  ft.  in  diameter,  12-in.  face,  and  42 -in. 
pitch.  All  drum  gears  are  10  ft.  in  diameter,  12-in.  face,  and  4^-in. 
pitch.  The  driving  drums  are  12  ft.  in  diameter  and  have  six  grooves. 
All  jjinions  and  gears  are  from  cast  iron,  and  are  dry  loam  castings,  and 
are  not  cut  gears. 

For  two  years  the  large  engine  gears  worked  very  satisfactorily  in- 
deed, although,  with  the  heavy  work  performed,  they  occasioned  con- 
siderable noise  and  jar.  Finally,  one  night,  when  the  engines  were 
about  to  cease  operations,  two  teeth  in  one  of  the  large  gears  broke, 
but  the  other  gear  of  20-in.  face  was  still  in  j^erfect  condition.  The 
mean  horse-power  developed  during  the  day  was  about  800  H.  P.  The 
"writer  advised  the  operation  of  the  road  with  the  single  gear  of  20-in. 
face,  as  this  had  ample  capacity  to  transmit  the  maximum  power  re- 
quired for  the  operation  of  the  cable  railway. 

This  gear  ran  for  several  months,  when  the  pinion  developed  a 
fracture.  New  gears  were  substituted,  as  well  as  new  pinions;  these 
were  made  from  cast  iron,  and  were  not  cut  gears. 

A  change  was  made  in  the  designs  and  arrangement  of  these  gears 
and  pinions.  The  pinion  is  111.9  ins.  diameter,  32-in.  face,  8.57-in. 
pitch.  The  gear  is  152.8  ins.  diameter,  32-in.  face,  8.57-in.  i^itch, 
and  were  single  pinion  and  gear,  and  cast  in  halves,  instead  of  double 
^ears  as  before. 
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These  operftted  siiceessfiilly  for  a  jjorioil  of  seven  or  eight  months, 
when  again  iluriug  the  night,  as  is  reiJorted,  the  engine  frame  was 
fractured,  ami  the  rim  of  the  large  gear  cracked.  These  injuries  were 
repaired  and  the  road  operated  as  befor 

Cast-steel  cut  gears  Avill  soon  be  substituted  for  the  cast-iron 
pinions  and  gears  noAv  in  use.  These  will  have  the  same  dimensions 
as  the  first  gears  and  pinions  described  ;  same  weight,  same  diameter, 
but  a  jjitch  of  Gins,  instead  of  7*  ins. 

There  is  no  reliable  explanation  given  by  the  engineers  in  charge 
that  throws  much  light  on  these  accidents.  One  thing  can  be  relied 
upon,  that  the  power  developed  in  operating  the  cars  and  cables  is 
not  sufficient  to  strain  the  pinions  or  gears,  or  cause  the  fractures 
referred  to.  In  the  oj^eration  of  the  road,  no  unusual  strains  occur, 
imposing  sudden  destructive  shocks  on  engine  and  gears.  A  sudden 
and  irresistible  strain  must  have  occurred  to  occasion  these  fractures. 
The  cause  was  not  fully  determined,  but  the  conclusion  was  that  they 
might  have  been  occasioned  by  the  following  causes  : 

First. — By  water  in  the  engine  cylinder. 

Second. — By  the  high  sjDeed  of  gear  and  irregular  gear  teeth. 

Third. — By  inadjustment  of  the  main  shaft. 

Fourth. — By  loose  bolts  holding  the  gears  together. 

Fifth. — By  strain  in  castings,  due  to  forcing  halves  together. 

It  was  discovered  that,  during  the  night  of  the  accident,  consider- 
able water  had  accumulated  in  the  cylinder  during  the  two  hours 
following  the  close  of  the  night.  If  this  statement  is  true,  then  the 
cause  of  these  accidents  is  due,  no  doubt,  to  the  accumulation  of 
water  in  the  engine  cylinders  ;  the  gear  speed  is  high,  but  on  other 
work  no  trouble  has  arisen  on  account  of  high  gear  speed,  and  the 
fact  that  for  two  years  no  trouble  arose  tends  to  indicate  that  the 
fracture  of  gears  and  pinions  was  due  to  some  other  cause. 

The  road  machinery  is  well  maintained  and  offers  no  more  resist- 
ance to  operation  of  cable  than  is  foiand  in  the  best-designed  cable 
railways.  The  gauge  of  track  is  3  ft.  and  6  ins.  There  are  seven  right- 
angle  curves  in  the  system,  and  five  curves  covering  45°  of  a  cii'cle. 
Two  large  steel  \iaducts  form  a  part  of  the  system.  In  the  Denver 
machinery,  as  in  other  plants,  there  were  indications  that  more  power 
was  being  develojied  than  was  really  necessary  for  the  operation  of 
cable  and  cars.     The  grooves  in  the  driving  drums  were  found  to  be 
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considerably  worn,  having  irregular  depths.  The  writer  had  a  series 
of  tests  made,  which  were  jjlaced  in  the  care  of  his  principal  assistant, 
Mr.  Towson.  After  considerable  experimenting  and  careful  testing, 
it  was  assumed  that  on  this  road  the  jjower  required  to  operate 
various  special  parts  of  the  cable  railway  was  as  follows  : 

One  90-,  55  ft.  radius,  double-track  curve,  20.64  H.  P. 

One  45',  55  ft.  radius,  double-track  curve,  10.34  H.  P, 

Elevating  and  dejiression  and  let-go  sheaves,  0.503  H.  P. 

Each  linear  foot  of  cable,  straight  track,  for  cable  only  (not  in- 
cluding engine  and  machinery  resistance),  .001612  H.  P. 

Applying  these  factors  in  the  computation  of  power  required  for 
the  cables  in  question,  and  comparing  the  results  with  the  results 
secured  by  actual  test  at  a  later  date,  will  be  interesting. 

TABLE  No.  8. 
Denvek  Cable  Eailwax  Tests. 


Cable 
No. 

Name  of  line. 

Length  of 
rope. 

Theoretical 
power. 

Actual 
power. 

Power  unac- 
counted for. 

liemarks. 

1 

2 

3 

4 

Larrimer  Street 

Feet. 
23  100 
31  250 
11  850 
36  850 
25  297 
25  271 
28  000 

H.  P. 

60  352 
77.514 
26.647 
133.001 
73  187 
52.639 

HP. 

12fi  297 
100.54 
27.827 
208.738 
74.195 
53.595 

H.P. 

65.945 

23.023 
1.18 

75.727 
1.008 
1.056 

Seveuteenth  Street 

Welton  Street 

5 

6 

Seveuteenth  Avenue... 

7 

Not  in  op- 
eration. 

Totals 

423.270 

591.192 

167.942 

The  great  difference  betAveen  what  is  given  as  the  theoretical  test 
(deductions  from  exj^eriments),  and  the  power  actually  develoiied  in 
the  tables,  is  an  evidence  of  either  error  or  defective  machinery.  It 
was  due  largely  to  the  latter.  We  were  aware,  as  stated,  of  the  fact 
that  several  of  the  driving  drums,  which  were  solid  rims,  had  worn 
considerably,  and  needed  re-turning  in  order  to  secure  uniform  diame- 
ters. The  road  machinery  was  all  thoroughly  readjusted,  and  the  driv- 
ing drums  were  accurately  turned,  securing  a  uniform  diameter,  and  the 
inaccuracies  corrected.  On  account  of  the  absence  of  the  engineer, 
cards  were  not  taken  immediately  after  the  drums  were  turned. 

Mr.  Towson,  however,  was  in  Denver  when  the  drums  ojierating 
Cable  No.  4  (Welton  Street  Cable)  were  re-turned  and  adjusted,  and 
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aeciireJ  cunls  from  the  i'n;j;ino  immediately  afterwards,  which  showed 
iiu  actual  sa%'iug  of  80  H.  P.  over  the  jiower  required  to  drive  this 
oablo  before  the  drums  Avere  turned.  It  will  be  observed  that  this 
amount  is  a  little  in  excess  of  the  amount  indicated  as  the  power  uu- 
accounted  for  opposite  Cable  No.  4,  the  one  in  question.  After  all  the 
tests  were  carefully  examined  and  compared,  the  result  showed  that 
the  total  i^ower  saved  by  re-turning  these  drums  and  adjusting  the  road 
machinery  aggregated  200  H.  P. 

The  actual  test  referred  to  in  Table  No.  8  was  made  as  follows : 

The  total  power  required  to  drive  six  cables  empty  (without  cars) 
■was  determined,  one  of  the  cables  was  then  stopped,  and  the  power 
for  the  remaining  five  in  operation  determined. 

The  difierence  between  the  power  required  for  the  sis  cables  and 
that  required  for  the  five  cables  is  the  jsower  required  for  the  cable  in 
question.  This  method  of  stopping  one  cable  and  indicating  all  the 
others,  so  that  at  each  indication  five  cables  were  in  operation,  was 
followed  throughout  the  test,  thus  securing  a  result  that  does  not  in- 
clude the  loss  in  transmission  through  the  engine,  gears,  and  main 
shaft.  The  clutches  were  not  all  in  good  adjustment  when  these 
tests  were  made,  and  when  all  the  cables  were  stopi^ed  and  cards  taken 
for  the  engine  and  shaft  resistance,  the  brake  action  due  to  the  clutches 
was  such  as  to  make  the  cards  of  little  value.  In  making  the  test 
below,  only  one  clutch  was  thrown  out  during  each  indication,  which 
was  watched  and  adjusted  so  that  no  great  error  could  enter  the  com- 
jiutation. 

The  Welton  Street  cable  has  three  right-angle  double-track  curves 
and  one  45^  curve,  and  had  a  cable  in  use  that  was  made  uj)  with  large 
outside  wires,  making  it  ridged.  This  character  of  cable  was  adopted 
for  the  purpose  of  securing  longer  life,  which  was  not  realized,  but 
which  required  a  little  more  power  than  one  with  smaller  wires  on  the 
outside  surface  of  cable. 

A  good  example  of  power  required  in  oijerating  a  cable  railway  may 
be  found  on  the  IMissouri  Eailway's  Olive  Street  line,  St.  Louis, 
Mo.  It  is  double  track,  4.75  miles  in  length.  There  are  two  right- 
angle  curves  and  two  curves  of  300  ft.  radius,  84  ft.  long;  also  one 
1  000  ft.  radius  30  ft.  long,  and  one  300  ft.  radius  and  80  ft.  long,  and 
two  600  ft.  radius  and  75  ft.  long.  The  curves  outside  the  right  angle 
curves  are  not  very  objectionable. 
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There  are  two  cables,  one  downtowu  23  800  ft.  long,  and  one  up- 
town 25  248  ft.  long,  giving  a  total  lengtli  of  49  048  linear  feet,  weigh- 
ing 2.6  lbs.  per  linear  foot.  Power  required  to  operate  cables,  49  048 
ft.,  and  engine  only,  is  13(5  H.  P.,  or  0.0028  per  linear  foot  of  cable. 

The  late  Colonel  W.  H.  Paine,  M.  Am.  Soc.  C.  E.,and  the  writer, 
made  tests  of  the  Tenth  Avenue  Cable  Railway,  New  York  City,  which 
was  constructed  by  the  late  D.  J.  Miller,  C.  E. ,  and  Colonel  Paine, 
who  also  constructed  the  East  River  or  Brooklyu  Bridge  cable  in  the 
same  city. 

The  engines  are  automatic  engines,  cylinders  28  ins.  diameter  by 
48-in.  stroke,  62  revolutions  per  minute.  The  engines  and  machinery 
are  arranged  something  like  the  Denver  jjlant.  The  resistance  of 
engine  and  main-shaft  resistance  was  equal  to  58.95  H.  P.  The  resist- 
ance of  engine,  main  shaft  and  one  set  of  drums,  with  their  shafts 
and  gears,  was  equal  to  71. 74  H.  P.  The  resistance  of  engine,  shafting, 
one  set  of  drums,  gears  and  cable  was  equal  to  140.29  H.  P.  Power 
required  per  linear  foot  of  cable,  8  miles  per  hour,  not  including  ma- 
chinery resistance,  0.0015  H.  P. 

A  paper  relating  to  the  subject  of  cable  railways  would  not  be 
complete  without  a  reference  to  the  Chicago  City  Railway,  for  the  rea- 
son that  this  road  was  one  of  the  pioneer  roads  of  the  coimtry,  and  has 
demonstrated  that  cable  railways  can  meet  all  the  conditions  imposed 
by  reason  of  climatic  changes. 

The  writer  is  indebted  to  Mr.  Robert  J.  Hill,  Chief  Engineer  of  this 
railway,  for  the  information  i)resented  relating  to  it. 

There  are  two  power  stations  in  this  system,  one  at  Fifty-fifth  Street 
and  Cottage  Grove  Avenue,  and  the  other  at  Twenty-first  and  State 
Streets.  The  former  plant  consists  of  two  "Wheelock  automatic  engines, 
36  ins.  in  diameter  and  72-in.  stroke,  and  one  always  in  reserve  in  case 
of  emergency. 

The  engine  operates  four  cables  :  Length. 

No.  10.     Cable  Fifty-fifth  to  Thirty-ninth  Street  and 

return 22  572  ft. 

No.  11.     Cable  Fifty-fifth  to  Seventy-first  Street  and 

return  /. 22  472  " 

No.  12.     Cable  Fifty-fifth  Street  to  Lake  Avenue  and 

return 10  868  " 

No.  13.     Cable  Hyde  Park  loop 3  786" 

Total  length  of  cable 59  700  " 
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Bevolutions  of  engine,  52  per  minute. 
The  line  shaft  gears  have  35  teeth. 
The  drum  shaft  gears  have  63  teeth. 

The  drum  shaft  revolves  at  the  rate  of  28.9  rotations  i)er  minute. 
The  driving  drums  have  a  diameter  of  13  ft.  and  4  ins. 
The  cables  are  driven  at  a  speed  of  13. 76  miles  per  hour.  The  total 
po-wer  required  to  operate  all  the  cables  and  the  machinery  without 
cars  is  382  H.  P.,  or  0.0064  H.  P.  per  linear  foot.  The  maximum  ten- 
sion on  the  cables  during  ojierating  hours,  -when  travel  was  at  the  maxi- 
mum, equaled  10  420  lbs.,  or  a  jjull  of  0.175  lb.  per  linear  foot  of 
cable.  In  order  to  determine  the  actual  work  performed  and  the  load 
on  the  cables  when  the  cars  were  in  oj^eration,  a  series  of  cards  were 
taken  from  the  engines. 

From  an  examination  of  time  tables  and  trip  sheets  of  conductors, 
the  load  on  cables  can  be  apjjroximated.     The  f  ollo-ndng  table  gives  the 
result  of  such  tests,  based  on  the  indicator  cards  selected. 
Mean  powers  (maximum),  less  power  to   ojierate 

empty  cables 257    H.  P. 

Mean  load  on  cables 152 . 7  tons. 

Meannet  power  per  ton  of  load  on  cables  (maximum)     1.68     H.  P. 

Mean  power  of  maximum  cards 339  " 

Mean  power  of  all  cards,  less  power  to  drive  empty 

cables 138.5       " 

Mean  power  per  ton  of  load,  less  power  to  drive 

empty  cables 0.91     " 

Mean  power  (maximum  cards)  per  ton  of  load  on 

cable 3.77     " 

Variation  in  horse-power  per  ton  of  load  on  cables         1.55     '* 

Similar  tests  were  made  at  the  Twenty -first  Street  power  station. 
Engines  two  in  number,  cylinder  30  ins.  in  diameter  and  60-in.  stroke; 
same  type  of  engine  as  is  used  in  Fifty-fifth  Street  station. 

Length. 

Cable  No.  1.     Power  Station  to  Madison  Street 

and  return 20  302  ft. 

Cable  No.  3.  Power  Station  to  "Wabash  Avenue 
and  Twenty-second  Street  and 
return 23  620  " 

Cable  No.  5.  Auxiliary  for  Cable  No.  1,  Madi- 
son Street 4  600  " 

Cable  No.  6.     Auxiliary  for  Cable  No.  3 4  700  " 

Total  length  of  cables 53  222  Hn.  ft. 
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These  engines  make  55  revolutions  i^er  minute.  Gear  on  main 
sliaft  has  34  teeth  ;  spur  gear  line  shaft  has  47  teeth  ;  pinion  line  shaft 
has  27  teeth  ;  spur  gear  on  drum  shaft,  53  teeth.  Line  shaft  makes 
39.8  revolutions  j)er  minute.  Drum  shafts  make  20.27  revoltitions  per 
minute.  Diameter  of  driving  drums,  bottom  of  grooves,  13  ft.  4  ins. 
Speed  of  cables,  9.65  miles  per  hour.  Power  required  to  operate 
empty  cables  and  machinery,  294  H.  P.  Tension  on  cables,  11  420  lbs., 
or  a  pull  of  0 .  127  lbs.  per  linear  foot  of  cable.  Power  required  per 
linear  foot  of  cable  to  drive  them  at  normal  speed,  including  machinery, 
0 .  0055  H.  P.  iJer  linear  foot  of  cable. 

Tests  were  made  to  determine  the  power  developed  during  the 
hours  of  maximum  travel  during  the  morning,  with  the  view  of 
making  comparisons  with  the  other  tests  at  Fifty-fifth  Street  station. 

Mean  power  of  maximum  cards 642.4  H.  P. 

Mean  of  maximum  j^owers,  less  power  to  drive 

empty  cables   384.4  H.  P. 

Mean  load  on  cables 813  tons. 

Mean  of  maximum  powers  per  ton  of  load .428  H.  P. 

Mean  power  of  minimum  cards 483.  " 

Mean  power  jjer  ton  of  load,  less  power  to  drive 

empty  cables 0. 330  ' ' 

Mean   power   during    tests,  less   power  to  drive 

empty  cables 268.74     " 

Mean   of   maximum   powers  jser   ton  of  load  on 

cables    .792" 

Variation  of  power  per  ton  of  load  on  cable .196  " 

Tests  were  made  to  determine  the  i3ower  required  to  oj^erate  the 
cables  at  varying  speeds. 

At  Fifty-fifth  Street  and  Cottage  Grove  Avenue  a  speed  of  9.65 
miles  per  hour  was  tested,  being  the  same  sjjeedas  Cables  Nos.  1,  2  and 
3,  at  the  Twenty-first  Street  power  station.  After  the  cars  had  been 
taken  oflf  the  various  lines  for  the  night,  it  was  found  that  in  order  to 
drive  the  empty  cables  at  13.76  miles  per  hour,  300.6  H.  P.  was  devel- 
oped, while  the  jiower  required  to  drive  them  at  9.65  miles  jDcr  hour, 
only  184  H.  P.  was  developed. 

The  first  test  at  Fifty-fifth  Street  developed  the  fact  that  the  pull 
per  foot  of  cables,  including  engine  and  machinery  resistance,  was  .175 
lb.,  and  that  made  at  Twenty-first  Street  station  was  .215  lb.  per 
linear  foot  of  cable.     The  last  test  at  Fiftv-fifth  Street  station  demon- 
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strated  that  the  pull  equaled  .137  lb.  per  linear  foot  of  cable,  at  a 
speed  of  13.76  miles  per  hour,  and  .119  lb.  at  a  speed  of  9.65  miles  per 
hour. 

This  difference,  Mr.  Hill  says,  may  be  accounted  for  as  follows  : 

' '  The  first  test  was  made  when  starting  the  cables  in  the  morning, 
before  any  of  the  bearings  were  thoroughly  warmed  and  lubricated. 
The  last  tests  were  made  at  night,  after  operating  hours,  and  immedi- 
ately after  the  cars  had  been  taken  off  the  street.  Thus  the  midnight 
test  offered  the  most  favorable  conditions." 

The  difference  in  the  tests  is  .038  lb.  per  linear  foot  of  cable, 
which  Mr.  Hill  thinks  is  not  excessive  when  all  the  conditions  are 
considered.  The  greatest  resistance  per  linear  foot  of  cable  was 
found  at  the  Twenty-first  Street  station,  in  starting  in  the  morn- 
ing, which  amounted  to  .215  lb.  per  foot,  due,  no  doubt,  to  the  down- 
town loops  and  the  circuitous  route  of  the  Wabash  Avenue  cable.  The 
difference  between  the  resistance  jier  linear  foot  of  cable  between  the 
Fifty -fifth  Street  station  and  the  Twenty-first  Street  station  was  found 
to  be  .04  per  cent.  The  most  satisfactory  tests  were  made  at  the  Fifty- 
fifth  Street  power  station.  Here  the  same  cable  was  operated  at  vary- 
ing speeds,  and  the  tests  made  when  the  conditions  remained 
unchanged.  The  ratio  of  the  speeds  were  9.65  to  13.76  miles  per  hour, 
equal  to  1.43;  the  ratio  of  the  pull  per  lineal  foot  is  .119  lb.,  equal  to 
1.14. 

In  a  letter  relating  to  these  tests  Mr.  Hill  says  : 

"If  the  i^ull  on  the  cable  was  constant,  then  the  horse-power 
required  to  pull  the  cable  would  be  in  direct  jiroportion  to  the  speed  of 
the  cable,  hence  9.65  :  13.76  : :  184  :  262  H.  P. ;  but  it  was  found  that  it 
required  300.5  H.  P.  to  propel  the  cable  at  a  speed  of  13.76  miles  per 
hour,  and  the  difference  38.5-^  262  =  14.7/0  more  power  than  that 
which  might  result  from  an  increase  in  speed,  which  must  be  due  to 
increased  friction,  etc. 

"  The  cable  being  increased  43  "o  in  speed,  calls  for  a  corresponding 
increase  of  63"o  in  horse-power  to  drive  it,  from  which  it  can  be  seen 
that  for  each  increase  of  1%  in  speed,  there  should  be  an  increase  of 
1.47%  in  horse-power." 

The  question  of  engine  and  machine  resistance  in  transmitting 
power  is  a  subject  that  does  not  receive  the  attention  it  demands. 
Engineers  too  often  underestimate  the  power  lost  in  its  initial  trans- 
mission, due  to  engine  and  machinery  resistance.  Mr.  Alfred  Saxon, 
in  a  paper  read  before  the  Association  of  Engineers,  Manchester,  Eng., 
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related  the  results  ho  secured,  after  making  careful  tests  and  experi- 
ments of  engine  and  machine  friction  in  numerous  cotton  mills.  He 
found  that  the  friction  under  load  was  greater  than  ordinarily  esti- 
mated. Interesting  comparisons  were  made,  among  which  were  the 
following:  ten  tests  of  spur-gearing  machines  developed  the  fact  that 
the  friction  under  load  averaged  25.964:"o  of  the  indicated  horse- 
jjower.  Eight  examples  of  vope  transmission  or  rope-driving  engines 
showed  that  under  load  the  average  friction  was  29.6^  of  the  indicated 
horse-power. 

Belt-driving  engines  under  load  developed  a  resistance  of  27.6j?o  of 
the  indicated  horse-power.  Direct  coupled  engines  showed  a  resist- 
ance of  23. 835  "o  of  the  indicated  horse-power. 

Mr.  Saxon,  during  his  lecture,  said:  "Spur-gearing  engines  give 
"best  results  when  not  complicated  with  rope  drive.  Rope  driving 
engines  show  the  best  results  at  high  rope  speeds,  and  that 
direct  driving  from  main  drum  is  very  desirable.  Belt-driving 
engines  for  developing  large  powers  are  only  equal  to  the  average 
rope-driving  engine,  with  fewer  advantages  in  other  respects;  and 
finally  that  the  direct  acting  type  of  engines  is  likely  to  be  very 
efficient." 

Comparisons  are  valuable  in  considering  the  question  of  power 
transmission  as  applied  to  cable  railways,  for  the  reason  that 
many  engineers  favor  rope  driving,  and  can  see  no  special  advan- 
tage in  gear  transmission,  while  others  favor  machinery  driven  by 
belt. 

In  the  Kansas  City  tests,  it  was  found  that  the  average  friction  of 
engine  shaft  and  main  shafting  gears,  and  not  including  driving 
drums,  gears  and  pinions,  based  on  something  over  300  indicator  cards, 
averaged  17.11*'o  of  the  total  horse-power  developed. 

The  Cleveland  City  Cable  Railway  engines  and  machinery  developed 
a  resistance  or  friction  of  25%  of  power  developed. 

Rope  and  belt  driven  machinery  has  the  advantage  over  gearing  in 
that  noise  is  very  materially  reduced. 

We  find  that  the  power  required  i^er  linear  foot  of  cable  Ij  in.  in 
diameter,  weighing  from  2.5  to  2.6  lbs.  per  linear  foot,  operated  at 
the  speed  given,  is  as  follows: 
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TABLE  No.  12. 
Kansas  City  Cabl,e  Raxlwat. 


Location. 

Length  of 
cable  tested. 

Speed  of  cables 
Miles  per  hour. 

Horse-power 

per  linear  foot 

of  cable. 

Remarks. 

Troost  Avenue 

Feet. 
33  600 

23  759 

22  000 

22  000 
8  571 
6  202 

9.7 
8.0 

7.3 

7.3 
8.0 
8.0 

.0031 
.0029 

.0017 

.0029 

.00296 

.00508 

Cast  carrying  pul- 
leys, 12  ins.  di- 
ameter, |-in. 
journal. 

Cast  carrying  pul- 
ley, 16  in.  diam. 
eter,  {i-in.  jour- 
nal, we  gLt  19 
lbs.,  32  ft.  apart. 

Corrugated  steel 
pulley,  22  ins. 
diameter,  weigbt 
37  lbs.,  32  ft. 
apart. 

Cast-iron  pulley, 
22  ins.  diameter, 
weight  76  lbs., 
|-in.  journal. 

Cast-iron  pulley, 
22  ins.  diameter, 
weight  76  lbs., 
|-in.  journal. 

Curve  was  prob- 
ably in  bad  atl- 
justment. 

Washington  Street 

Main  Line 

Independence  Avenue.. 
East  Ninth  Street 

(Not  including  engine  friction.) 


TABLE  No.  13. 

Cleveland  Cmr  Cable  Eajxtvat. 


Location. 

Length  of 
cables  tested. 

Speed  of  cables. 
Miles  per  hour. 

Horse-power 

per  linear  loot 

of  cable. 

Remarks. 

Feet. 

East  Superior  Street 

23  900 

14 

0.00328 

Practically  no 
curves  on  thid 
cable. 

West  Superior  Street. . . 

24  300 

12 

0.00252 

P  r  a  c  t  i  cally  no 
curves  on  this 
cable. 

East  Payne  Avenue 

25  300 

12 

0.00569 

Four  right-angle 
double  -  track 
curves. 

West  Payne  Avenue 

24  050 

12 

0.00233 

No  curves  in  this 
cable. 

Water  Street  Auxiliary.. 

7  850 

4 

0.00184 

One  double-track 
right-angle  curve 

(Not  including  engine  friction.) 
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Location. 

Length  of 
cables  tested. 

Speed  in 
miles  per  hour. 

Horse-power 

per  linear  foot 

of  cable. 

Remarks. 

Feel. 

Larrimer  Street .  .■ 

23  100 

10 

.00546 

Conduit  was  not 
clean;  much  dirt 

Sloan's  Lake 

31  250 

10 

.00322 

Three  double-track 
cable  crossings. 

SeveDteeDth  Street 

11  850 

10 

.00235 

Two  double-track 
cable  cToacings. 

VVelton  Street 

36  850 

10 

.00566 

Threedouble-track 
curves;  cue 
double-  track 
cable  crossing. 

Seventeentb  Avenue... 

25  297 

10 

.002932 

One  right  -  angle 
curve  and  one 
60^  curve. 

27  270 

10 

.002120 

one  double- track 

cable  crossing. 

(Not  including  engine  friction.) 


TABLE  No.  15. 
Chicago   City  Bail  way. — (Fifty-fifth  Street  Station). 


^-—                caSles^fd. 

Speed  in 
miles  per  hour. 

Horse-power 

per  linear  foot 

of  cable. 

Remarks 

1           Feet. 

TTo.lO 1          22  572 

No.ll 22  472 

No.12 10  868 

No.  13 3  786 

13.76 
13.76 

13.76 

All  cables  con- 
sidered .0064. 

Individual  cables 
not  tested. 

Twenty-first  Street  Station. 


No.l 

20  302 

23  620 

4  600 
4  700 

9.65 
9.65 

All  cables  con- 
sidered .0065. 

No.3 

not  tested. 

No.  5 

Auxiliary  cables. 
Auxiliary  cable. 

No.  6 
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The  tests  in  this  paper  are  submitted  as  the  result  of  actual  in- 
vestigations relating  to  the  transmission  of  power  for  cable  railway 
operation. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED     1852. 


Tii^:N^s^cTioisrs. 

UoTE.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced  in 
any  of  its  publications. 


624. 

(Vol.  XXIX.— September,  1893  ) 


THE     CONTINUOUS     SUPERSTRUCTURE    OF    THE 
MEMPHIS    BRIDGE. 


By  Geoege  S.  Mokison,  M.  Am,  Soc.  C.  E. 


Prepared  for  the  International  Engineering  Congress  of  the 
Columbian  Exposition,  1893. 


General  Features. — The  Act  of  Congress  authorizing  the  construc- 
tion of  the  Memphis  bridge  specified  that  the  main  channel  span 
should  in  no  event  be  less  than  700  ft.  in  length,  nor  the  other  spans 
less  than  600  ft.  each  in  length. 

The  board  of  engineer  oflScers  from  the  Engineer  Bureau  detailed  to 
examine  by  actual  inspection  the  locality  where  the  bridge  was  to  be 
built,  determined  that  the  channel  span  should  be  next  to  the  Tennes- 
see shore,  but  did  not  agree  as  to  the  i^roper  length  of  this  span.  The 
Secretary  of  War  decided  that  if  the  east  pier  of  the  bridge  was  placed 
at  the  low  water-mark,  the  channel  span  might  be  700  ft.  in  the  clear,  but 


Note. — Discussions  on  all  papers  presented  to  the  luteruational  Engineering  Congress 
■Will  be  published  simultaneously  in  the  number  for  December,  1893. 
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proper  guards  would  be  req[uired  to  guide  tows  in  passing  through  the 
bridge  ;  at  the  same  time  he  suggested  that  if  this  pier  were  placed  70 
ft.  back  from  the  low- water  shore  line,  which  would  bring  the  pier  in 
about  9  ft.  of  water  at  the  highest  stage,  these  guards  might  be  dis- 
pensed with. 

The  latter  suggestion  was  accepted,  and  the  plans  which  were  sub- 
mitted to  and  api^roved  by  the  Secretary  of  "War  provided  for  a  channel 
sjjan  770  ft.  long  in  the  clear  and  two  sjians  of  603  ft.  each  in  the  clear, 
these  three  spans  crossing  the  entire  navigable  river.  Adding  to  each 
span  the  estimated  thickness  of  the  2:)iers  at  low  water,  the  design 
called  for  one  span  of  790  ft.  and  two  of  620  ft.  each  measured  between 
centers  of  piers. 

The  arrangement  which  would  have  been  most  satisfactory  to  the 
Engineer  would  have  been  three  equal  spans  of  about  675  ft.  each.  If, 
however,  one  span  of  extra  length  was  required,  it  would  have  been 
l^referable  to  jjlace  it  at  the  center,  making  this  central  sjjan  a  canti- 
lever structure,  the  cantilevers  projecting  from  the  ends  of  two  heavy 
side  spans.  The  arrangement  rei^uired  by  the  War  Department,  how- 
ever, jjlaced  the  long  span  next  to  the  east  shore,  so  that  if  this  sjjan 
was  built  as  a  cantilever  span  it  was  necessary  to  j^rovide  an  independ- 
ent anchorage  on  the  Memi^his  bluff.     This  course  was  adopted. 

The  length  fixed  for  the  channel  span  was  790  ft.,  or  170  ft.  more 
than  either  of  the  other  sjjans.  By  projecting  a  cantilever  170  ft.  long 
from  Pier  I  (on  the  Tennessee  shore),  the  distance  between  the  end  of 
this  cantilever  and  Pier  TV  (on  the  Arkansas  shore)  was  divided  by  the 
two  other  piers  into  three  equal  sjjaces  of  620  ft.  each.  By  making 
the  central  sj^an  a  fixed  span  with  continuous  chords,  and  jjrojecting  a 
cantilever  170  ft.  long  from  each  end  of  this  fixed  span,  there  remained 
two  spaces  each  450  ft.  long  to  complete  the  bridge,  one  of  these  being 
between  two  cantilevers,  and  the  other  between  a  cantilever  and  Pier 
IV.  "With  this  arrangement  the  bridge  would  consist  of  a  central  span 
623  ft.  long,  of  three  170-ft.  cantilevers  precisely  alike,  of  two  450-ft. 
spans  also  alike,  besides  the  anchorage  sijan  east  of  Pier  I. 

In  order  to  sim23lify  construction  it  was  desirable  to  make  the 
panels  of  uniform  length  throughout,  and  this  required  that  the  panel 
lengths  should  be  common  divisors  of  the  lengths  of  the  cantilevers, 
of  the  susjiended  spans  and  of  the  central  span.  No  such  common 
divisors  existed  for  170  ft.  and  450  ft.,  but  by  shortening  the  length  of 
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tlie  oiiutilovors  to  l(5i)  I't.  lA  ius.  aucl  iucreasiug  the  lougth  of  the  sus- 
pended span  to  451  ft.  8  ins.,  56  ft.  5 J  ins.  became  a  common  divisor. 
The  lengths  were,  therefore,  slightly  changed,  and  a  panel  56  ft.  5  J  in;;. 
long  was  made  the  unit  for  the  entire  bridge,  this  panel  being  divided 
into  two  panels  in  the  floor  system.  Each  cantilever  arm  was  divided 
into  three  panels,  each  suspended  sj^an  into  eight  i)anels,  and  the 
central  span  into  11  panels.  A 

As  the  bluft'roso  rai)idly  l)afk  of  Pier  I,  a  loug  anchorage  span  was 
not  required,  and  it  was  thought  best  to  limit  it  to  such  length  that 
there  woiild  be  no  reversal  of  strains  ;  it  was  made  four  panels  or  225 
ft.  10  ins.  long. 

The  anchorage  sjjan  consists  of  four  panels;  the  channel  span  of 
14  panels,  three  in  each  cantilever  and  eight  in  the  suspended  span; 
the  central  span  of  11  j^anels;  and  the  w^est  sjian  of  11  panels,  of  which 
three  are  in  the  cantilever  and  eight  in  the  suspended  span;  the  total 
number  of  panels  is  therefore  40,  and  the  total  length  of  the  continuous 
superstructure  is  as  follows: 

Anchorage  arm 225  ft.  10    ins. 

Channel  span 790    "     5      " 

Central  span 621    "     0^  in. 

West  span 621    "     Oi    " 

Total 2  258    "     4  ins. 

The  arrangement  of  these  spans  is  given  on  Plate  I. 

As  each  truss  panel  is  divided  into  two  floor  j^anels,  there  are  80 
panels  in  the  floor  system.  Moreover,  the  floor  system  is  extended  east- 
ward on  a  viaduct  of  three  floor  panels  beyond  the  anchorage  pier,  and 
a  deck  span  of  12  floor  panels  reaches  from  the  shore  side  of  Pier  TV  to 
a  special  pier  (V)  built  back  of  the  shore  line.  The  entire  floor  system 
of  the  bridge,  therefore,  consists  of  95  jjanels,  and  is  2  681  ft.  9^  ins. 
long. 

The  lengths  of  the  spans  being  fixed,  the  next  thing  to  determine 
was  the  width.  The  principal  limit  in  determining  this  was  the 
length  of  the  central  span.  In  the  matter  of  transverse  stiflfness  the 
position  of  this  span  corresponded  with  the  sejiarate  spans  of  a  com- 
mon bridge;  whereas,  the  longer  span  by  its  cantilever  construction  was 
held  rigidly  at  the  ends.  The  central  span  being  620  ft.  long,  it  did 
not  seem  wise  to  make  the  width  between  trusses  less  than  30  ft.     This 
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corresponded  -with  widtlis  which  have  been  adoi^ted  with  good 
results  in  shorter  spans.  The  channel  sjjans  of  the  Cairo  Bridge  are 
518.5  ft.  long  and  the  trusses  placed  25  ft.  between  centers,  the  ratio 
between  length  and  width  being  almost  exactly  the  same  as  between 
621  ft.  and  30  ft.     A  width  of  30  ft.  was  adopted. 

The  next  feature  to  determine  was  the  depth  of  the  trusses,  and  in 
detfermining  this  other  considerations  than  economy  of  metal-work 
governed. 

The  difficulties  of  erection  made  it  important  to  keep  the  dimen- 
sions within  limits  to  which  ordinary  false- work  could  be  adapted. 
The  magnitude  of  the  structure  and  its  cantilever  design  made  it  im- 
portant to  use  such  proportions  that  vibrations  would  be  reduced  to  a 
minimum.  It  was  not  thought  best  to  make  the  depth  at  any  part  of 
the  superstructure  much  more  than  two  and  one-half  times  the  breadth 
of  base.  The  breadth  of  base  could  not  be  increased  without  increas- 
ing the  length  of  the  piers,  which  would  have  added  to  the  already  ex- 
cessive cost  of  the  foundations.  By  fixing  the  depth  of  both  the  central 
and  the  suspended  spans  at  one-eighth  of  the  span  and  making  all 
three  of  the  cantilevers  alike,  the  depth  of  the  structure  over  each  of 
the  piers  and  for  the  whole  length  of  the  central  sjjan  became  77  ft. 
7}i  ins.,  ancf  the  depth  of  the  suspended  sjaans,  56  ft.  5^  ins.  These 
dimensions  were  adopted. 

It  was  at  one  time  proposed  to  make  the  central  span  in  eight 
panels  of  greater  length  than  those  used  elsewhere,  but  as  the  j^lans 
matured  this  seemed  unwise,  and  a  uniform  panel  length  was  ado^^ted 
throughout. 

The  form  of  trusses  adopted  was  the  double  triangular  or  double 
Warren  girder.  It  was  intended  to  erect  the  channel  span  without 
falsework,  building  out  from  either  end,  and  this  form  of  truss  was 
thought  to  have  advantages  in  the  manner  in  which  it  sustained  the 
upper  chord  from  which  the  work  would  be  done. 

The  floor  system  is  suspended  from  the  intersection  jjoints  of  the 
two  systems  of  web  members,  and  the  upjjer  chord  is  supported  from 
the  same  jioints  by  struts. 

As  the  dei^th  of  the  cantilevers  over  the  piers  con-esponds  to  the 
depth  of  the  central  span,  while  their  outer  ends  correspond  to  the 
depths  of  the  suspended  spans,  the  chords  are  not  parallel.  The  same 
may  be  said  of  the  anchorage  arm.     In  order  to  keep  the  floor  panels 
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Tinifonn,  it  was  necessary  to  keei^  the  points  of  intersection  of  the  web 
members  over  the  panel  centers.  This  made  the  panel  lengths  of  the 
upper  chord  irregular,  l)ut  as  these  chords  were  formed  of  eye-bars  the 
irregularity  was  not  material. 

The  cantilever  construction  made  it  possible  to  bring  the  Aveight  of 
the  spans  on  each  side  of  each  pier  together  in  a  single  point  and 
transfer  this  weight  directly  to  the  center  of  the  pier,  instead  of  taking 
it  nearer  the  edge  of  the  pier  as  is  always  done  with  sej^arate  spans. 
This  allowed  the  use  of  somewhat  lighter  piers  than  would  otherwise 
liave  been  needed,  and  the  increased  cost  of  the  superstructure  design 
over  three  equal  sejjarate  spans  was  in  a  measure  balanced  by  the  de- 
<?reased  cost  of  the  substructure. 

The  only  span  which  is  continuous  from  pier  to  j^ier  is  the  central 
span,  and  provision  had  to  be  made  at  one  end  of  this  span  for  expan- 
sion and  contraction.  All  other  expansion  was  taken  up  by  sliding 
joints  at  the  ends  of  the  cantilevers.  As  there  are  two  sliding  joints  in 
the  channel  span  and  only  one  in  the  west  sj^an,  there  was  a  doiible 
chance  to  take  up  expansion  in  the  chords  and  floor  system  of  the 
channel  span.  For  this  reason  the  west  end  of  the  central  span  was 
fixed  and  the  east  end  placed  on  expansion  rollers. 

Principal  Details. — The  general  dimensions  and  form  of  truss  having 
been  adopted,  it  next  became  necessary  to  fix  the  character  of  the 
principal  details.  The  American  form  of  construction  with  pin  con- 
nections was  adopted  from  the  first.  The  chords  of  the  central  span, 
being  subject  to  reversals  of  strains  from  the  action  of  the  cantilevers, 
were  necessarily  both  made  stiff",  and  the  same  stiff  bottom  chords  were 
necessarily  extended  out  as  the  bottom  chords  of  the  cantilevers.  The 
top  chords  of  the  cantilevers,  being  always  in  tension,  were  made  of 
eyebai's.  As  the  east  suspended  span  (in  the  channel  sjiau)  was  to  be 
erected  without  falsework,  the  two  halves  being  built  out  as  con- 
tinuations of  the  cantilevers,  it  was  necessary  that  the  bottom  chord 
of  this  truss  should  also  be  made  stiff"  for  the  greater  j^art  of  its  length, 
while  the  top  chord,  being  in  comjiression  in  the  finished  structure,  was 
of  course  stiff.  It  was  determined  to  sacrifice  some  material  and  to 
make  the  bottom  chord  of  the  suspended  span  stiff  throughout,  and  to 
make  both  suspended  spans  (or  intermediate  sjians  as  they  were  called 
on  the  drawings)  with  stiff  chords  throughout.  The  chords  of  the 
anchorage  arm  cori-espond  to  those   of  the  cantilevers.     The  bottom 
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chord  is  therefore  stiff  tliroughout  the  entire  length  of  the  superstme- 
ture,  and  the  only  portions  of  the  top  chord  which  are  made  of  eye- 
bars  are  in  the  anchorage  and  cantilever  arms  and  in  the  end  half 
panels  of  the  central  span,  this  special  arrangement  being  adopted  from 
the  difficulties  of  packing  a  stiff  chord  into  an  eye-bar  chord  at  the  ex- 
treme ends  of  the  span. 

The  stiff-chord  provision  undoubtedly  adds  to  the  lateral  stiffness 
of  the  bridge  and,  to  a  certain  extent,  to  its  vertical  stiffness.  The 
sliding  joints  at  the  ends  of  the  cantilevers  are  carefully  fitted,  and  in 
spite  of  its  cantilever  construction  the  bridge  is  very  free  fi'om  vibra- 
tion. 

The  lateral  bracing  is  formed  of  diagonal  rods  attached  to  jjin 
plates  riveted  to  the  chords,  and  so  jjlaced  that  the  axial  lines  inter :- 
sect  at  the  center  of  each  chord.  The  lateral  bracing  is  adjustable, 
and  is  the  only  adjustaVjle  portion  of  the  bridge.  It  would  have  been 
preferable  to  make  it  stiff,  but  the  plan  was  adopted  in  conformity  to 
the  practice  hitherto  followed  by  the  Chief  Engineer  of  the  bridge,  he 
not  being  satisfied  with  the  detail  connections  of  any  stiff  system  which 
he  had  worked  out  at  the  time  these  jjlans  were  prepared. 

The  transverse  bracing  is  rigid  throughout,  and  is  made  in  the  form 
of  lattice  frames,  so  as  to  stiffen,  not  merely  the  center  of  each  jDost,  but 
intermediate  jjoints  above.  The  principle  which  led  the  engineer  to 
adopt  this  form  of  bracing  was  his  l)elief  that  the  two  trusses  of  a 
bridge  should  be  made  as  nearly  as  possible  a  single  truss.  So  far  as 
the  chords  are  concerned  this  cannot  be  done;  but  if  the  comj^ression 
members  of  the  web  are  united  by  stiff  frames,  they  become  in  a  large 
degree  a  single  comj^ression  member  of  the  full  width  of  the  truss,  this 
single  compression  member  transferring  its  strain  to  two  chords  at  the 
top  and  two  chords  at  the  bottom.  This  jirinciple  of  transverse  brac- 
ing was  followed  throughout  the  whole  superstructure.  In  the  end 
posts  of  the  intermediate  and  central  spans  and  the  posts  of  the  canti- 
levers which  carry  the  weight  of  the  intermediate  sjians,  the  stiffening 
was  carried  further  by  extending  jDortal  plates  down  the  sides  of  each 
separate  post,  thereby  increasing  the  width  of  the  posts  and  uniting 
the  two  sides  with  a  stiff  portal.  In  the  case  of  the  large  vertical  post 
over  the  jDiers,  these  portal  frames  were  united  with  the  floor  beams 
below,  so  that  the  two  posts  form  from  top  to  bottom  practically  a 
single  member. 
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'llu'  rioor  system  consists  of  two  stringers  ijlaced  H  ft.  between 
centers,  these  stringers  being  riveted  to  the  webs  of  the  tloor  beams  at 
each  panel  and  half-panel  point.  At  the  full- panel  points  the  floor 
beams  are  supported  on  short  posts  to  which  they  are  riveted,  which 
posts  rest  directly  on  the  pins.  At  the  half-panel  points  the  floor 
beams  are  suspended  from  the  web  intersections  above. 

Although  the  width  between  trusses  is  sufiicient  for  a  double-track 
bridge,  the  bridge,  being  designed  but  for  a  single  track,  has  but  two 
lineri  of  stringers.  The  management  did  not  feel  justified,  at  the  time 
the  bridge  was  l)uilt,  in  bearing  the  additional  expense  which  a  double- 
track  structure  Avould  have  entailed.  It  should,  however,  be  mentioned 
that  the  Memphis  bridge,  though  designed  for  a  single  track  onlv,  is 
at  least  two  and  one-half  times  as  strong  as  some  important  single-track 
bridges  built  less  than  15  years  ago. 

The  charter  from  the  General  Government  required  that  the  bridge 
should  be  adapted  to  the  passage  of  vehicles  and  animals.  This  pro- 
vision is  met  by  making  a  tight  floor  20  ft.  wide;  on  each  side  of  the 
floor  are  steel  fences  supported  at  the  jjanel  jjoints,  these  fences  being 
in  fact  lattice  girders  which  carry  the  ends  of  the  ties  and  so  make 
practically  four  lines  of  stringers.  The  ties  are  planked  longitudinally 
^\-ith  3-in.  pine  planks  sized  to  2 J  ins.,  and  diagonally  with  2-iu.  oak 
plank  sized  to  1|  ins.,  this  making  4j  ins.  of  solid  planking.  Between 
the  rails  the  oak  plank  is  laid  longitudinally.  It  is  doubtful  whether 
this  exiieusive  highway  floor  will  be  much  used. 

In  many  respects  the  design  of  the  superstructure  may  be  criti- 
cised as  not  strictly  economical.  This  is  admitted,  but  such  criticisms 
are  ill-considered  unless  they  include,  not  merely  the  metal  in  the 
superstructure,  but  all  the  material  in  the  piers  and  masonry.  The 
substructure  of  the  bridge,  which  under  the  i^resent  design  cost  more 
than  the  superstructure,  would  have  been  rendered  much  more  exj)en- 
sive  by  those  changes  which  mere  economy  of  superstructure  design 
called  for. 

In  the  design  attention  was  everywhere  given  to  stififness  as  well  as 
to  strain.  This  is  a  matter  to  which  too  little  attention  has  been  given, 
and  which  has  often  been  overlooked  in  competitive  designs.  It  is 
perfectly  possible  to  design  a  structure  in  which  no  metal  under  any 
ordinary  supposition  will  be  overstrained,  and  yet  without  such  over- 
strain vibrations  can  exist  which  would  be  utterly  inadmissible.     This 
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TQay  occur  in  trusses  of  extreme  depth,  and  also  in  structures  with  can- 
tilever details  in  which  loose  fitting  is  permitted  at  expansion  joints. 

It  was  with  a  view  to  avoid  vibrations  as  much  as  possible  that  stiff 
chords  were  adopted  throughout,  and  that  the  j)rinciple  was  followed 
of  uniting  the  compression  members  of  opposite  trusses  as  far  as  pos- 
sible into  single  members.  For  the  same  reason,  the  sliding  joints  at 
the  ends  of  the  cantilevers  were  so  carefully  fitted  that  lost  motion  in 
these  places  practically  does  not  exist. 

While  these  ideas  undoubtedly  made  the  structure  more  expensive 
than  a  competitive  design  might  have  been,  the  engineer  believes  that 
the  results  fully  justify  his  work;  but  in  studying  details  these  facts 
should  be  remembered. 

Special  Details.* — With  these  conditions  stated,  attention  is  called 
to  a  few  of  the  special  details  of  the  superstructure. 

1.  The  stiff  chords  of  the  central  span,  including  one  full  panel  of 
the  bottom  chords  of  each  adjoining  cantilever,  were  made  with  four 
webs.  This  form  of  construction  was  adopted  for  two  reasons.  First, 
to  reduce  the  thickness  of  the  metal  and  so  to  reduce  the  lengths  of 
the  rivets  in  the  splices.  With  the  present  aiTangement  the  maximum 
length  of  rivets  is  3|  ins.  between  heads,  and  the  larger  jmrt  of  the 
rivets  are  in  double  shear,  the  splices  being  balanced  on  the  two  sides 
of  each  web,  this  being  the  condition  under  which  the  rivets  are  least 
likely  to  get  loose  and  least  likely  to  cause  trouble  if  they  become 
loose.  The  second  object  was  to  reduce  the  bending  strains  on  the 
pins  ;  the  connections  with  the  web  members  are  all  made  in  the 
narrow  spaces  between  the  outside  and  the  interior  webs,  so  that  the 
pins,  by  which  the  whole  horizontal  strains  are  transferred  to  the 
chords,  are  suj)ported  at  four  i^oints,  and  the  unsupported  length  is  re- 
duced to  a  minimum.  The  objection  to  high  theoretical  bending 
strains  in  pins  is  not  so  much  the  danger  to  the  structure  from  the 
failure  of  the  pins  as  the  fact  that  by  the  distortion  of  the  jiins  the 
strains  may  be  distributed  unequally  among  the  several  pieces  attach- 
ing to  them.  With  the  arrangement  adoiited  here,  this  danger  is  re- 
duced to  a  minimum. 

The  four-web  chords  are  confined  to  10  full  (20  half  j  panels  of  the 
top  chord  of  the  central  span,  to  11  full  panels  of  the  bottom  chord  of 
the  same  span,  two  full  panels  of  each  cantilever  arm  and  two  full  panels 

*  The  general  plans  of  the  superstructure  are  given  on  Plates  II,  III,  IV,  V. 
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of  the  anchorage  arm.  Two-web  chords  were  used  in  the  remaining 
bottom  panels  of  the  cantilever  and  anchorage  arms  and  throughout 
the  whole  length  of  the  susjiendod  spans.  In  the  bottom  chords  of 
the  suspended  sjjans  the  rivets  became  objectionably  long. 

The  sections  of  the  stiff  chords  were  generally  made  in  full-panel 
lengths,  56  ft.  5 J  ins.  long,  the  riveted  joints  being  placed  midway  be- 
tween the  panel  points  and  over  the  intermediate  points  ;  the  only 
exceptions  to  this  rule  were  in  the  upper  chords  of  the  intermediate 
spans  and  the  lower  chords  of  the  cantilever  arms  and  anchorage  sjian. 
The  details  of  the  riveted  joints  are  given  on  Plate  X. 

2.  The  shortness  of  the  anchorage  arm  insures  the  connection  being 
always  in  tension  and  never  in  compression.  The  details  of  the 
anchorage  are  given  on  Plate  YI.  The  masonry  of  the  anchorage  piev  is 
built  on  a  platform  of  I  beams.  Under  this  jjlatform  are  placed  steel 
washer-plates  with  conical  sockets  through  which  the  anchor  rods 
l^ass,  the  weight  being  transferred  to  the  anchor  rods  on  conical 
•counter-sunk  heads.  The  anchor  rods  are  built  solid  into  the  masonry, 
and  run  through  steel  plates  on  to^j.  The  toj)  of  the  rod  is  turned 
down,  and  screws  of  two  different  diameters  are  cut  on  it.  The  nuts 
on  the  lower  screw,  3^  ins.  in  diameter,  screw  up  against  the  jjlates  on 
top  of  the  masonry,  thus  taking  up  any  possible  slack  in  advance  of 
strain.  The  upper  smaller  screws,  3|  ins.  in  diameter,  carry  two  nuts, 
besides  a  check  nut  on  top,  and  these  two  nuts  hold  between  them  the 
cross-blocks  which  carry  the  pin  on  which  the  outside  anchor  rods  at- 
tach. Under  each  truss  there  are  16  rods  in  the  masonry,  these  rods 
connecting  with  eight  blocks  which  carry  the  single  pin  on  which  four 
anchor  bars  connect.  These  anchor  bars  are  simply  flat  bars  of  steel 
Avith  pin  holes  at  top  and  bottom.  After  the  adjustment  of  the  struc- 
ture, folding  wedges  were  placed  between  the  steel  i^late  and  the 
blocks  and  tightened  up  so  as  to  prevent  any  possible  horizontal  bend- 
ing strain  on  the  anchor  rods.  On  the  center  of  the  inev  was  placed  a 
tetrapod  of  steel,  the  four  corners  of  which  were  anchored  to  the 
masonry  and  the  aj^ex  of  which  fits  into  a  guide  at  the  center  of  the 
end  floor  beam,  the  connection  being  such  that  no  weight  can  1)6 
thrown  ujion  it,  but  a  full  horizontal  stifteuing  is  obtained. 

The  general  arrangement  of  the  anchorage  is  such  as  to  jilace  all 
adjustable  or  movable  parts  in  the  o^jen  air  above  the  masonry  in 
plain    sight,  there  being  no  unexposed  portions     and  no  iron-work 
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buried  in  chambers,  tlie  only  iron  out  of  sight  being  the  long  rods 
and  the  I  beam  platforms,  which  being  buried  solid  in  Portland 
cement  are  protected  from  oxidation,  while  there  is  a  large  excess  of 
material  in  the  rods. 

3.  The  superstructure  and  moving  load  throw  on  each  of  the  two 
points  of  support  on  Piers  I,  11  and  III  a  weight  of  about  2  000  tons, 
this  weight,  however,  being  thrown  directly  over  the  axis  of  the  jjier. 
To  distribute  this  weight  proi^erly  on  the  masonry  requires  an  area  of 
about  100  sq.  ft.  and  a  suflficient  height  between  the  masonry  and  the 
chords  of  the  superstructure  to  distribute  it  with  some  degree  of 
uniformity.  On  Piers  I  and  IH  the  bearings  are  fixed.  They  are 
showTi  on  Plate  VII.  In  each  instance  the  weight  is  transferred  first  to 
a  14-in.  i^in  passing  through  the  center  of  the  chord.  The  three  jjosts, 
one  vertical  and  two  inclined,  rest  on  this  pin,  being  made  with  semi- 
circular pin  bearings  at  the  ends,  no  jjin  jjlates  passing  around  the 
pins,  this  arrangement  being  adopted  partly  for  convenience  in  erec- 
tion and  partly  because  the  weight  always  carried  here  is  so  great  that 
nothing  api^roaching  to  tension  can  ever  exist.  This  14-in.  pin  rests 
on  a  steel  casting,  cast  with  ribs  placed  directly  under  the  bearings  of 
the  posts  on  the  jDin.  The  inclined  posts  are  two-web  posts,  and  the 
veriical  posts  four-web  posts,  but  they  are  so  packed  that  the  whole 
weight  is  transferred  to  six  ribs  in  the  castings.  The  steel  casting- 
rests  on  two  iron  castings  which  are  packed  with  long  bolts  and  locked 
together  with  a  grooved  steel  plate  between  them.  These  two  cast- 
ings rest  again  on  four  castings,  which  are  locked  together  in  the  same 
manner  at  the  center.  The  whole  was  fastened  together  by  turned 
bolts  jiassing  through  drilled  holes.  The  actual  weight  of  each  i^ed- 
estal  casting  between  the  pin  and  the  masonry  is  about  45  tons.  The 
center  of  the  14-in.  pin  is  9  ft.  10  ins.  above  the  masonry,  which  brings 
the  tojj  of  the  stringer  of  the  bridge  13  ft.  above  the  masonry. 

4.  On  Pier  II  the  bearing,  which  carries  the  same  weight  as  those  on 
Piers  I  and  III,  had  to  be  made  an  expansion  bearing  to  allow  of  the  ex- 
pansion of  the  central  span,  temperature  alone  here  representing  an 
exi^ansion  of  about  8  ins.  It  is  shown  on  Plate  VIII.  The  piers  are 
slender  and  the  expansion  great;  it  was  therefore  deemed  necessary  to 
provide  a  joint  which  would  move  with  the  least  possible  friction  and 
which  should  not  be  liable  ever  to  become  clogged  or  stopj^ed  by  the 
collection  of  dirt.     The  joint  must  also  be  so  arranged  that  the  struc- 
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^..ure  would  l>e  lu-lil  laterally  aud  the  motion  limited  lougitudiually.  It 
was  therefore  determined  to  use  rollers  15  ins.  in  diameter  and  to  make 
these  segmental  rollers  of  a  iJattern  resembling  the  European  practice, 
the  rollers  being  placed  (5  ins.  between  centers. 

Each  expansion  bearing  as  constructed  consists,  first,  of  a  steel 
casting  piHicisely  similar  to  those  used  at  the  fixed  end.  This  steel 
casting  rests  on  a  bolster  composed  of  a  horizontal  top  plate,  then  of 
eleven  12-iu.  X  beams  running  transversely,  of  a  second  horizontal 
plate,  of  sixteen  12-in.  I  beams  running  longitudinally,  and  of  a  third 
and  thicker  horizontal  plate,  the  lower  surface  of  which  is  polished 
smooth.  It  had  originally  been  intended  to  make  this  bolster  of  two 
steel  castings  with  a  planed  steel  plate  between  them,  and  this  arrange- 
ment would  have  been  preferred;  but  the  delays  in  getting  the  castings 
and  the  uncertainty  of  securing  the  finished  product  in  time,  made  it 
necessary  (after  three  castings  had  been  made  and  rejected)  to  change 
the  plan. 

Under  the  bolsters  came  the  rollers.  The  rollers  are  in  two  lengths 
aud  are  separated  by  two  steel  guide-plates,  one  of  which  is  built  in 
between  the  polished  bottom  plates  of  the  bolster  and  the  other  be- 
t\veen  the  iron  castings  below.  These  serve  as  the  transverse  guides. 
There  are  30  rollers  in  each  joint,  15  on  each  side  of  the  central 
guides.  The  rolling  surfaces  of  these  rollers  are  polished,  aud  each 
roller  has  two  holes  drilled  completely  through  it,  through  which  pass 
turned  rods,  so  that  the  rollers  ou  one  side  of  the  center  must  always 
work  with  those  on  the  other,  while  the  distances  between  the  rollers 
are  kej)t  constant  by  two  side-plates  drilled  to  fit  the  rods,  the  rods 
being  held  in  place  by  nuts  outside  the  side-plates.  The  upper  side- 
j)lates  are  made  with  hooked  ends,  which,  striking  against  the  ends  of 
the  lower  side-plates,  limit  the  possible  motion  of  the  rollers  and  pre- 
vent any  possible  overturning. 

Under  the  rollers  is  the  bearing  plate  (commonly  called  the  rail 
plate).  This  is  of  the  pattern  which  the  Engineer  has  used  universally 
for  the  last  10  years.  It  is  formed  of  T  rails  riveted  on  a  plate  below, 
the  tops  of  the  rails  being  about  \  in.  apart  and  the  toji  surfaces 
planed  and  i^olished.  This  arrangement  makes  a  stiff  surface  for  the 
rollers  to  roll  upon  and  provides  adequate  means  for  cleaning.  The 
rail  plates  are  in  two  jjarts,  divided  by  the  center  plate  which  guides 
the  rollers. 
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The  motion  of  the  top  bearing  is  further  limited  by  a  lock  plate 
-which  is  fitted  over  the  lower  guide  plate,  the  upper  jaws  of  which 
would  strike  the  edges  of  the  top  bearing  plate  before  a  motion  could 
occur  which  might  cause  the  top  plate  to  slide  on  the  rollers. 

Under  the  rail  plates  are  the  castings,  which  bear  directly  on  the 
masonry  and  are  like  the  lower  sections  of  the  fixed  end  castings. 

The  result  of  this  arrangement  is  a  very  sensitive  and  very  powerful 
expansion  bearing.  For  convenience  of  observation  it  was  fitted  with 
vernier  scales,  and  the  record  which  has  been  kept  of  the  motion  so 
far,  indicates  that  this  bearing  works  practically  without  friction. 

5.  A  somewhat  different  form  of  support  was  used  at  the  end  of  the 
intermediate  span  over  Pier  IV.  This  is  shown  on  Plate  IX.  Here,  also, 
the  weight  is  distributed  on  the  masonry  by  iron  castings,  and  the 
weight  is  transferred  to  the  iron  castings  through  a  pin  on  a  steel  cast- 
ing ;  but  the  pin  is  jjlaced  below  the  level  of  the  chord,  the  whole 
weight  being  transferred  by  a  small  upright  support,  which  also  holds 
the  floor  beam.  While  this  works  fairly  well,  it  is  not  as  satisfactory 
a  detail  as  the  other  bearings.  It  was  adopted  with  a  view  to  keeping 
the  construction  of  this  particular  panel  point  as  nearly  uniform  as 
possible  in  the  four  places  where  it  occurs,  this  supported  upright 
taking  the  jjlace  of  the  suspended  uprights  at  the  other  three  points. 

6.  The  expansion  between  the  cantilevers  and  the  suspended  spans 
is  taken  up  by  sliding  joints  in  the  top  and  bottom  chords,  the  long 
suspender  swinging.  No  special  addition  was  made  to  this  suspender 
in  consequence  of  this  swinging  motion,  the  extra  strain  which  can 
possibly  be  produced  in  this  way  being  less  than  that  which  is  usually 
produced  in  horizontal  eye-bars  by  their  own  weight.  The  sliding 
joint  in  the  bottom  chord  is  placed  in  the  last  panel  of  the  cantilever. 
The  sliding- joint  in  the  top  chord  is  placed  in  the  first  jmnel  of  the 
suspended  span.  As  the  end  web  members  of  cantilever  and  susjjended 
spans  are  parallel  compression  members,  both  of  these  sliding  joints 
come  where  no  strain  exists. 

The  sliding  joint  in  the  bottom  chord  is  shown  on  Plate  XH.  It 
slides  between  polished  steel  surfaces  with  a  play  of  only  aV  iii'  This 
joint  is  placed  near  a  floor  beam,  and  the  lateral  system  of  the  canti- 
lever arm  ends  at  this  floor  beam,  which  forms  the  lateral  strut.  The 
lateral  system  of  the  suspended  span  ends  on  the  other  side  of  the  slid- 
ing joint,  there  being  an  independent  strut  to  hold  the  two  chords  in 
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position;  this  strut  was  put  in  after  the  erection  of  tlie  superstructure, 
the  pin  holes  being  reamed  in  position.  There  is  no  observable  lost 
motion  at  this  joint.  The  top  lateral  strains  are  transferred  at  the  ends 
of  the  suspended  spans  to  the  bottom  chord  by  the  portal  bracing,  and 
there  is  no  lateral  system  in  the  top  chord  of  the  end  panels  of  the  sus- 
pended spans.  The  sliding  joint  in  the  top  chord  is  made,  therefore, 
simply  an  oblong  pin  hole  between  two  sets  of  stiffened  tension  mem- 
bers. The  same  oblong  pin  hole  was  used  in  the  bottom  chord  joint, 
but  principally  for  necessities  of  erection. 

7.  The  large  expansion  existing  at  the  ends  of  the  suspended  spans 
made  some  special  expansion  arrangement  necessary  in  the  connection 
between  the  stringers  and  the  floor  beams.  An  ingenious  arrangement 
to  accomplish  this  endAvas  designed  by  Mr.  Ralph  Modjeski,  Assistant 
Engineer,  and  is  shown  on  Plate  XH.  It  disjjenses  entirely  with  a  long 
sliding  surface  and  supports  the  end  of  the  stringer  jjerfectly. 

8.  As  the  end  of  the  anchorage  arm  consists  only  of  tension  mem- 
bers, it  was  difficult  to  make  a  satisfactory  form  of  portal  which  would 
at  once  resist  vibrations  and  have  the  substantial  appearance  which 
seemed  imijortant  in  the  most  conspicuous  part  of  the  bridge.  The 
result  was  accomplished  by  making  a  stiff  frame,  entirely  independent 
of  the  tension  members,  consisting  of  posts  placed  between  the  inclined 
eye-bars  of  the  end  panels,  these  posts  being  connected  by  a  stiff  strut 
at  the  center,  and  the  rectangular  panel  above  divided  by  stiff  diag- 
onals. This  stiff  frame  is  attached  to  the  pins  of  the  truss,  but"  the 
pin  holes  in  the  stiff  posts  are  made  1  in.  larger  than  the  diameters  of 
the  pins,  so  that  the  tensile  strains  should  not  be  disturbed.         ♦ 

Loads. — -The  views  of  the  Chief  Engineer  have  long  been  opposed  to 
proportioning  bridge  superstructures  for  precise  wheel-base  loads, 
these  precise  loads  being  always  those  of  a  sj^ecial  locomotive,  either 
actual  or  assumed,  and  su.bject  to  constant  change.  The  superstruc- 
ture of  the  Memphis  bridge  is  proportioned  in  accordance  with  the 
practice  now  followed  by  that  Engineer,  the  load  per  foot  on  a  length 
of  20  ft.  being  taken  as  twice  the  load  per  foot  on  a  length  of  120  ft. 
and  upwards,  and  the  foad  per  foot  being  increased  by  1  "o  for  each 
foot  in  length  less  than  120  ft.  The  excess  variation  in  web  members, 
being  the  difference  between  the  strains  produced  by  a  moving  load 
and  by  a  fixed  load  of  equal  intensity,  is  taken  on  a  basis  one-half 
greater  than  the  uniform  moving  load.     In  the  case  of  the  Memphis 
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bridge  the  unit  load  was  taken  at  4  000  ll)s.  jjer  foot  of  track,  and  the 
wheel-base  load  on  20  ft.  was  consequently  8  000  lbs.  jjer  foot  of  track, 
while  the  stringer  load,  the  panels  being  a  little  more  than  28  ft.,  was 
taken  (4  000  x  [1  +  0.92]  =  7  680)  at  7  680  lbs.  per  foot  of  track. 
These  weights  were  used  in  calculating  the  live  loads  given  on  the 
strain  sheets  shown  on  Plates  Xiii  to  XYII  inclusive. 

In  the  central  si^an  the  dead  load  was  assumed  in  the  strain  sheet 
at  4  000  lbs.  per  linear  foot  of  truss,  or  8  000  lbs.  per  linear  foot  of 
bridge,  being  just  double  the  assumed  live  load.  In  point  of  fact, 
the  actual  weight  of  this  sj)an  is  8  300  lbs.  per  linear  foot,  exclusive  of 
end  posts,  which  stand  directly  over  the  i^iers.  This  excess  of  weight 
amounts  to  less  than  4:%,  and  is  no  greater  than  the  difference  in 
weight  between  the  kind  of  floor  used  on  this  bridge  to  accommodate 
highway  traffic  and  the  usual  railroad  floor. 

In  the  intermediate  or  suspended  sjjan  the  dead  load  was  assumed 
at  5  400  lbs.  per  linear  foot.  In  point  of  fact  it  is  5  660  lbs.,  or  a  little 
less  than  5",,  in  excess  of  the  calculated  weight,  the  actual  difference 
being  almost  exactly  the  same  as  in  the  central  span. 

In  the  anchorage  and  cantilever  arms  no  fixed  rate  of  dead  load  was 
assumed,  but  the  strain  sheet  was  made  by  assuming  the  estimated 
weights  of  the  different  members  as  concentrated  at  the  sejjarate  i>anel 
j)oiuts,  these  concentrations,  of  course,  being  greatest  nearest  the  jjiers. 
In  every  case  the  weight  of  a  tension  member  was  supposed  to  be  car- 
ried at  the  upper  end  of  that  member,  and  the  weight  of  a  compres- 
sion member  to  be  carried  at  the  lower  end  of  that  member,  this,  of 
course,  only  applying  to  the  resultant  jjortion  of  that  weight  which 
moved  in  the  direction  of  the  axis  of  the  member.  The  panel  point 
loads  are  given  on  the  strain  sheets. 

The  upjier  lateral  system  is  proportioned  to  resist  a  horizontal 
pressure  of  300  lbs.  jjer  linear  foot  of  bridge.  The  bottom  lateral 
system  is  i^roportioned  to  resist  a  horizontal  jiressiire  of  600  lbs.  per 
linear  foot.  In  both  instances  the  whole  horizontal  jiressure  is  treatevl 
as  a  moving  load.  This  differs  from  the  usual  jiractice  ;  but  the 
allowance  made  for  moving  loads  is  inadeqirate  rather  than  too  great, 
as  it  is  among  the  possibilities  that  when  half  of  a  span  is  exjiosed  to 
a  wind  pressure  in  one  direction,  the  other  half  may  be  exposed  to  a 
wind  pressure  in  precisely  the  opposite  direction. 

JNo  allowance  is  made  in  the  strain  sheets  for  the  disturbances  of 
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llic  distrilnition  of  woi{i;bt  by  wind  pressure.  A  simjile  calnilation 
showed  this  to  be  unueeessary.  The  lateral  pressure  on  the  to^j  chord 
will  exercise  its  greatest  disturbing  effects  iu  the  central  span.  Taking 
this  i)ressure  at  800  lbs.  per  fv)ot,  multiplying  it  by  the  dei)th  of  the 
truss,  and  dividing  it  by  the  distance  between  truss  centers,  we  have 
a  resultant  of  800  lbs.  as  the  possible  increase  of  weight  on  one  truss 
di;e  to  this  cause,  this  being  20",,  of  the  estimated  dead  load  and  13"^^ 
of  the  estimated  total  load.  If  we  take  a  Avind  jjressure  of  400  lbs. 
l)er  linear  foot  applied  on  a  train  of  maximum  weight  at  an  average 
elevation  of  8  ft.  above  the  rails,  the  effect  of  this  wind  pressure 
is  to  move  the  center  of  gravity  of  the  moving  load  0. 75  ft.  from  the 
center  of  the  track  ;  as  the  center  of  the  track  is  15  ft.  from  the  center 
of  each  truss,  this  increases  the  moving  load  carried  by  one  truss  5% 
and  diminishes  that  carried  by  the  other  5"i,,  thus  actually  increas- 
ing the  weight  thrown  on  one  truss  100  lbs.  Taking  these  two  dis- 
turbances together,  the  total  extreme  weight  which  can  be  thrown  on 
one  truss  amounts  to  900  lbs.  per  linear  foot  or  15  "y  above  the  assumed 
calculations. 

No  addition  was  made  to  the  chord  sections  to  provide  for  lateral 
strains.  The  assumed  lateral  force  on  the  bottom  chord  is  600  lbs.  per 
linear  foot  ;  the  assumed  total  weight  carried  by  each  truss  is  6  000 
lbs.  pev  linear  foot  ;  the  dejith  of  the  trusses  is  2.6  times  the  distance 
between  centers  of  trusses,  so  that  the  strain  thrown  into  the  chords 
by  the  lateral  system  is  equal  to  26%'  of  that  thrown  in  by  weight.  In 
the  top  chord  the  effects  of  the  lateral  strain  would  be  one-half  this 
amount,  or  13  per  cent. 

As  the  effect  of  the  disturbance  in  weight  by  wind  2>i'essure  is  to  in- 
crease the  tension  in  the  leeward  bottom  chord  15%,  while  the  effects 
of  the  strain  in  the  lateral  system  are  to  increase  the  tension  in  this 
chord  by  26%,  the  total  effect  is  an  increase  of  tension  of  41",)  in  the 
leeward  chord  and  a  corresponding  reduction  of  tension  on  the 
windAvard  chord.  In  the  top  chord  the  effects  are  much  less.  With 
ihe  unit  strain  allowed  these  strains  are  w  ell  within  safe  practice. 

Proportiordng  of  Materials. — The  entire  superstructure  of  the 
Memphis  bridge  is  of  steel,  and  it  was  all  worked  as  steel,  the  rivet 
boles  being  drilled  in  all  principal  members  and  launched  and  reamed 
in  the  lighter  members. 

The  tension  members  were  projjortioned  on  the  basis  of  allowing 
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the  dead  load  to  produce  a  strain  of  20  000  lbs.  per  square  inch,  and 
tlie  live  load  a  strain  of  10  000  lbs.  per  square  inch.  In  the  case  of  the 
central  span,  where  the  dead  load  was  twice  the  live  load,  this  corre- 
sponded to  15  000  lbs.  total  strain  per  square  inch,  this  being  the 
greatest  tensile  strain. 

The  compression  members  were  j^roijortioned  on  a  somewhat  arbi- 
trary basis.  They  were  generally  designed  so  as  to  make  them  of 
symmetrical  section,  and  almost  always  so  as  to  make  them  symmetri- 
cal about  the  line  dividing  the  least  transverse  dimension.  No 
distinction  was  made  between  live  and  dead  loads  in  jiroportioning 
compression  members.  A  maximum  strain  of  14  000  lbs.  j)er  square 
inch  was  allowed  on  the  chords  and  other  large  compression  members 
where  the  length  did  not  exceed  16  times  the  least  transverse  dimen- 
sion, this  strain  being  reduced  750  lbs.  for  each  additional  unit  of 
length.  In  long  compression  members  the  maximum  length  was 
limited  to  30  times  the  least  transverse  dimension,  and  the  strains 
limited  to  6  000  lbs.  per  square  inch,  this  amount  being  increased  by 
200  lbs.  for  each  unit  by  which  the  length  is  decreased. 

The  form  of  the  structure  is  such  that  reversals  of  strains  occur  in 
the  web  members  of  both  central  and  intermediate  spans  and  in  the 
chords  of  the  central  span.  Wherever  this  occurs  the  member  was 
proportioned  to  resist  the  sum  of  compression  and  tension  on  whichever 
basis  (tension  or  compression)  there  would  be  the  greatest  strain  per 
square  inch ;  and,  in  addition,  the  net  section  was  jaroportioned  to  resist 
the  maximum  tension,  and  the  gross  section  to  resist  the  maximum 
compression. 

The  floor  l)eams  and  girders  of  the  floor  system  were  calculated  on 
the  basis  of  the  moment  of  inertia,  the  strain  being  limited  to  10  000 
lbs.  per  square  inch  in  extreme  fibers.  In  the  floor  beams  the  rivet 
holes  in  cover  plates  and  flanges  were  deducted.  In  the  stringers, 
where  there  are  no  cover  plates  and  pains  were  taken  to  avoid  rivet 
holes  in  the  flanges,  the  gross  section  was  used. 

The  rivets,  all  of  which  are  of  steel  and  in  drilled  or  reamed  holes,, 
were  proportioned  on  the  basis  of  a  bearing  strain  of  15  000  lbs.  per 
square  inch,  and  a  shearing  strain  of  7  500  lbs.  per  square  inch,  and 
special  pains  were  taken  to  get  the  double  shear  in  as  many  rivets  as 
possible.  This  was  the  requirement  for  shop  rivets.  In  the  case  of 
field  rivets,  the  number  was  increased  one-half.     In  the  splices  of  the 
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choiils  of  tlu>  I'lMitnil  si)an,  wliicli  is  strained  both  iu  tension  and  com- 
]>ri'ssion,  l)nt  iu  ^vhil•ll  the  faced  ends  of  the  several  sections  Avere 
I  iucfnlly  tittod  to  tdose  bearings,  the  number  of  rivets  was  based  on  the 
sum  of  the  two  strains;  but  the  increase  in  the  niimber  of  fiekl  rivets 
over  what  wouhl  have  been  required  for  shoi)  rivets  was  made  25  instead 
of  50  per  cent.  The  chords  of  this  span  are  of  uniform  section  through- 
out, and  all  the  riveted  joints  are  alike. 

The  jnns  were  proportioned  on  the  basis  of  a  bearing  strain  of 
18  000  lbs.  per  square  inch  and  a  bending  strain  of  20  000  lbs.  per 
r-qnare  inch  in  extreme  fiber,  the  diameters  of  the  pins  being  never 
made  more  than  one  inch  less  than  the  width  of  the  largest  eye-bar 
attaching  to  them.  Special  j^ains  were  taken  in  iiacking  the  pins  to 
divide  the  sti'ains  from  the  members  on  one  side  among  those  of  the 
members  on  the  other  side,  the  general  jirineiple  being  to  take  the 
strain  iu  each  eye-bar  by  itself,  and  consider  that  one-half  of  it  goes 
into  the  eye-bar  on  either  side  leading  in  the  other  direction.  "With 
this  system  of  packing,  the  bending  strain  in  extreme  fiber  is  a  matter 
of  little  importance. 

The  weight  on  the  rollers  of  the  expansion  joint  on  Pier  11  is  40  000 
lbs.  per  linear  foot  of  roller,  or  3  333  lbs.  per  linear  inch,  the  rollers 
being  15  ins.  iri  diameter. 

Material. — As  the  sections  of  the  superstructure  were  necessarily 
unusually  heavy,  and  the  strains  from  dead  load  were  greatly  in  excess 
of  those  from  moving  load,  it  was  thought  best  to  use  a  slightly  higher 
steel  than  is  now  generally  used  for  lighter  structures,  and  to  work  this 
steel  without  punching,  all  holes  being  drilled.  A  somewhat  softer  steel 
was  used  m  the  floor-system,  lateral  connections  and  other  lighter  parts. 

The  details  of  the  requirements  both  for  steel  and  manufactiire  are 
given  in  the  Specifications  dated  January  4th,  1890,  which  accomjjany 
this  paper,  marked  Appendix  A.  The  principal  requirements  which 
were  to  be  obtained  as  the  results  of  tests  on  samples  cut  fi*om  finished 
material  were  as  follows  : 


High-Grade 
Steel. 

MEDnjM 

Stkel. 

Soft 

SlEtL. 

Maximum  Ultimate  Strength,  lbs.  per  sq.  in 

Minimum  Ultimate  btrenuiti,  lbs.  per  sq.  in 

Minimum  Elastic  Limit,  lbs.  per  sq.  in 

78  500 

G'.)  0(X) 

40  000 

18 

3§ 

72  600 

64(00 

37  000 

22 

44 

f.3  0O0 
55  000 
30  000 

Minimum  percentage  of  Elonsiation  in  Sins 

Minimum  percentage  ot'  Reauctiou  at  Fracture. . 

28 
50 
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A  2)iece  of  each  sample  bar  was  also  required  to  be  bent  180''  and 
to  close  up  against  itself  without  showing  any  crack  or  flaw  on  the  out- 
side of  the  bent  portion. 

The  specifications  as  originally  drawn  j^rovided  for  a  i^reliminary 
test  on  a  J-inch  round  bar,  and  allowed  the  steel  to  be  made  by 
either  the  open-hearth  or  Bessemer  process.  So  much  difficulty  was 
experienced,  however,  in  getting  a  satisfactory  Bessemer  steel,  that  the 
requirements  for  the  preliminary  test  on  the  round  bar  were  so  much 
reduced  as  to  amount  to  little,  and  all  steel  was  required  to  be  made  by 
the  oi^en-hearth  process.  These  requii-ements  ajjpear  in  the  supple- 
mental Sjjecification  dated  May  6th,  1890,  which  is  attached  to  this 
paper  and  marked  Appendix  B. 

After  the  first  tests  had  been  made  on  full-sized  eye-bars,  it  ap- 

l^eared  expedient  to  adopt  for  this  pui-pose  a  steel  midway  between  the 

high  grade  and  medium  steel  of  the  former  specifications,  and  steel  of 

the  following  requirements,  denominated  eye-bar  steel,  was  prescribed 

thereafter:  Eye.  Bar  steel. 

Maximum  Ultimate  Strength,  lbs.  per  sfi.  in 75  000 

Minimum  Ultimate  Strength,  lbs.  per  sq.  in 66  COO 

Minimum  Elastic  Limit,  lbs.  per  sq.  in 38  000 

Minimum  percentage  of  Elongation  in  8  ins 20 

Minimum  percentage  of  Reduction  at  Fracture 40 

These  requirements  were  provided  for  in  a  sujjplementary  Specifi- 
cation dated  January  1st,  1891,  which  accompanies  this  paper  and  is 
marked  Appendix  C. 

The  results  showed  that  this  material  was  thoroughly  satisfactory 
for  most  of  the  i^urposes  for  which  it  was  wanted.  It  was  specially  so 
in  the  10-in.  eye-bars  which  form  the  tension  members  of  the  anchor- 
age and  cantilever  arms  and  of  the  webs  of  the  central  span.  The 
smaller  eye-bars  which  suspended  the  intermediate  jjoints  did  not  give 
quite  as  satisfactory  results.  Tests  were  made  of  56  full-sized  eye-bars, 
and  the  results  are  given  in  Appendix  D,  attached  to  this  paper.  An 
inspection  of  this  list  shows  the  excellent  character  of  the  10-in.  bars. 

Owing  to  the  difficulty  of  getting  satisfactory  small  bars,  the  sizes 
of  the  suspenders  which  support  the  floor  beams  at  the  intermediate 
points  were  increased  from  6  x  In,  ins.  to  7  x  1^  ins.,  and  from  6x1} 
ins.  to  7  X  lv,i  ins.,  and  a  softer  steel  was  accejited  than  the  specifica- 
tions required.  A  corresponding  change  was  made  in  the  diagonal  eye- 
bars  of  the  intermediate  span  last  manufactured,  the  width  of  these 
bars  being  increased  from  8  to  9  ins.,  with  no  other  change. 
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The  results  of  thoso  tests  auil  observations  ou  otlun-  work  seem  to 
indicate  that  in  large  bars  a  comparatively  high  steel  gives  the  best 
results,  and,  if  they  are  well  annealed,  is  qiiite  as  soft  as  it  is  desirable 
to  have.  On  the  other  hand,  in  small  bars  as  low  a  steel  as  is  consist- 
ent with  sound  ingots  is  probably  the  best  material,  but  it  must  be  re- 
membered that  in  trying  to  get  a  very  soft  and  ductile  steel  the  chance 
of  blow-holes  and  other  unsound  featiires  is  increased.  For  one  other 
reason  the  use  of  a  higher  steel  for  heavy  eye-bars  seams  wise,  as  where 
heavy  bars  are  used  it  may  generally  (though  not  always)  be  assumed 
that  the  strain  due  to  live  load  is  small  in  proportion  to  that  due  to 
dead  load. 

In  the  west  intermediate  span,  being  the  one  which  was  built  by  A. 
it  P.  Roberts  &  Co. ,  the  riveted  members  were  made  of  medium  steel 
throughout,  the  work  being  ijunched  and  reamed.  In  the  other  inter- 
mediate sj^an  the  requirements  of  the  specifications  were  adhered  to. 

Contractors. — The  contract  for  all  the  material  for  the  superstructure 
was  originally  taken  by  the  Union  Bridge  Company,  and  about  five- 
eighths  of  the  whole  was  actually  manufactured  by  them  at  their  shop 
at  Athens,  Pa.,  the  remaining  three-eighths  being  made  at  various 
other  jjlaces.  The  largest  contract  placed  elsewhere  was  -vsith  A.  ».t  P. 
Roberts  &  Co.,  who  built  one  of  the  intermediate  spans  (as  well  as  the 
deck  span  west  of  Pier  4,  except  the  eye-bars),  the  Union  Bridge  Com- 
pany relinquishing  this  portion  of  their  contract  and  a  new  contract 
being  made  with  A.  &  P.  Roberts  &  Co. 

The  other  shops  generally  did  their  work  as  sub-contractors  for  the 
Union  Bridge  Company,  though  in  some  cases  sj)ecial  things  were 
ordered  direct. 

The  actual  weights  and  percentages  manufactured  by  the  different 
shojjs  were  as  follows,  the  deck  sj^an  w^est  of  Pier  lY  being  included  in 
this  statement  :  Pounds.  Percent. 

Union  Bridge  Co 10  432  020  63.9 

A.  &  P.  Roberts  &  Co 3  113  250  19.07 

Elniira  Bridge  Works 1127  584  6.94 

Lassig  Bridge  and  Iron  Works 806  617  4 .  94 

Scaife  Foundry  and  Machine  Co. . .         423  963  2.59 

Keystone  Bridge  Co 310  585  1 .  90 

Pittsburgh  Steel  Casting  Co.   61  935  0 . 37 

New  Jersey  Steel  and  Iron  Co 40  712  0 .  25 

Pittsburgh  Bridge  Co 7  171  0 .  04 

16  323  837  100.00 
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The  -work  manufactured  by  the  Elmira  Bridge  Works  consisted 
principally  of  web  members  of   the  central  and  intermediate  si^ans. 

The  Lassig  Bridge  and  Ii-on  Works  furnished  the  four  vertical  post» 
and  portals  at  the  ends  of  the  central  si:)an  besides  some  other  web 
members. 

The  Scaife  Fotindry  and  Machine  Company  furnished  the  large 
castings  on  the  piers. 

The  Keystone  Bridge  Company  furnished  the  anchor  rods  within 
the  masonry  of  the  anchorage  pier,  a  quantity  of  eye-bars  and  the 
bearing  plates  upon  the  rollers  on  Pier  11.  The  Pittsburgh  Steel 
Casting  Company  furnished  the  steel  castings  over  Piers  II,  III  and 
TV.  The  15-in.  exj)ansion  rollers,  which  were  very  finely  finished, 
were  made  by  the  New  Jersey  Steel  and  Iron  Company. 

All  the  steel  used  in  this  bridge  (except  a  small  jjortion  of  that 
manufactured  by  A.  k  P.  Boberts  &  Co.)  was  made  by  Carnegie, 
Phipps&  Co.,  Limited  (now  the  Carnegie  Steel  Company).  It  was 
all  open-hearth  steel,  and  a  large  portion  of  it  was  made  in  basic 
furnaces. 

The  work  was  manufactured  in  the  several  shops  named,  according 
to  working  plans  prepared  by  the  engineer  of  the  bridge,  and  shipped 
to  the  bridge  site  ready  for  erection. 

Erection. — A  contract  was  executed  on  the  10th  day  of  May,  1890, 
with  "William  Baird  and  Andrew  Baird,  comprising  the  firm  of  Baird 
Brothers,  for  the  erection  of  the  superstructure  for  a  fixed  sum,  this 
sum  being  divided  between  the  several  spans.  The  contractors 
received  the  material  as  it  arrived,  took  responsible  care  of  it  and 
erected  it  in  position.  The  requirements  which  governed  this  erection 
are  contained  in  the  specifications  which  form  Appendix  A  attached  to 
this  paper. 

All  of  the  bridge  except  the  suspended  span  between  the  canti- 
levers of  the  channel  span  was  erected  on  falsework.  This  suspended 
span  was  jjrojected  from  the  ends  of  the  cantilevers,  connected  at  the 
center  and  then  swung  free. 

Bents  were  placed  under  the  panel  jjoints  of  the  trusses.  Each 
bent  had  nine  posts,  the  center  post  and  the  third  post  from  each  side 
})eing  plumb  throughout,  the  other  posts  battered.  All  posts  were  of 
12  X  12-in.  timber,  and  the  bents  were  built  in  three  stories.  The  false- 
work was  braced  longitudinally  by  girths  at  each  story,  the  girths  at 
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the  ends  boin^  boltotl  to  the  stone  piers.  Each  beut  rested  on  IH  jiiles, 
these  piles  generally  being  cut  off  at  elevation  205  or  11.2  ft.  below 
high  water.  On  the  top  were  placed  20  lines  of  stringers,  fonr  at  the 
center  and  eight  on  each  side,  to  carry  the  traveler  tracks. 

This  falsework  terminated  at  the  proper  level  to  receive  the 
bottom  chord.  Foiir  lines  of  rails,  two  on  each  side,  were  laid  to 
carry  the  traveler,  which  was  made  long  enough  to  reach  over  one 
and  one-half  full  panels,  or  three  floor  panels,  being  composed  of  four 
bents. 

The  material  for  the  anchorage  arm  and  the  adjoining  cantilever 
was  received  on  cars  at  the  ioY>  of  the  bluff  east  of  Pier  I.  All  other 
superstructure  material  was  received  in  a  yard  under  the  bluffs,  where 
it  was  stored  and  subsequently  handled  by  barges. 

Erection  was  begun  on  the  east  shore,  and  the  traveler  was  set  up 
on  the  ground  back  of  Pier  I;  on  the  31st  of  March,  1891,  this  traveler 
was  completed  and  ready  to  begin  work,  the  false-work  at  that  time 
only  extending  as  far  as  Pier  I.  The  first  piece  of  bottom  chord  sec- 
tion was  placed  on  the  3d  of  April,  and  the  anchorage  arm  was  virtu- 
ally completed  on  the  6th  of  May.  Meanwhile  the  false-work  had  been 
extended  westward  to  the  end  of  the  east  cantilever  arm,  and  the  erec- 
tion of  this  cantilever  arm  was  practically  completed  on  the  20th  of 
June,  though  the  false-work  and  traveler  were  maintained  in  this 
2)osition  and  some  further  work  was  done  on  the  last  panel  as  late  as 
July  31st. 

The  driving  of  the  false-work  for  the  central  span  was  begun  in 
July.  The  work  was  begun  west  of  Pier  III,  the  piles  for  six  bents 
being  driven  west  of  that  pier.  The  two  westward  bents  were 
placed  close  together,  and  on  toj?  of  these  were  erected  derricks  by 
which  the  material  was  lifted  from  barges.  The  entire  false-work 
between  Piers  II  and  III  was  comjileted  by  the  end  of  August.  This 
false-work  was  placed  in  the  middle  of  the  Mississippi  Eiver  immedi- 
ately after  the  flood  season.  It  was  very  heavy  and  expensive,  the 
piles  generally  being  from  90  to  100  ft.  long  and  driven  about  20  ft.  in 
hard  sand  below  the  bottom  of  the  river. 

When  this  false-work  was  completed  the  traveler  which  had  been 
used  on  the  east  side  was  taken  down  and  set  up  on  the  false-work.  It 
was  in  itself  a  pretty  large  structui'e,  standing  97  ft.  above  the  track 
on  which  it    ran  and  nearlv  200  ft.  above  the  surface  of  the  water. 
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This  traveler  when  completed  consisted  of  four  bents,  only  three  of 
which  had  been  used  on  the  east  side. 

Two  derricks  were  set  up  at  the  west  end  of  the  false-work  west  of 
Pier  in,  and  all  the  members  of  the  central  sjjan  were  taken  by  barges 
from  the  material  yard  under  the  bluflf  on  the  east  side  of  the  river  to 
the  west  end  of  the  false- work,  where  they  were  raised  by  the  derricks 
to  the  floor  level,  there  placed  on  jDush-cars  and  carried  out  to  the 
traveler  by  which  they  were  put  in  j^osition.  Everything  was  handled 
by  steams  the  engines  being  placed  near  Pier  III. 

The  erection  began  with  the  placing  of  the  first  jiiece  of  the  bottom 
chord  on  September  13th,  1891,  the  castings  and  the  expansion  bearing 
on  Pier  H  ha^-ing  been  previously  erected.  The  entire  bottom  chord 
was  put  together  and  riveted  up,  the  riveting  being  generally  done  by 
air  riveters  carried  on  a  special  small  traveler.  These  riveters  were  of 
two  i^atterns,  one  designed  by  Mr.  Charles  Yogel  under  the  direction 
of  the  Chief  Engineer,  and  the  other,  by  the  Allen  Kiveting  Machine 
Company,  of  New  York. 

On  the  25th  of  Sei^tember  the  erection  of  the  web  members  began. 
The  erection  was  begun  one  panel  east  of  the  center,  and  the  traveler 
moved  westward.  On  the  .3d  of  October  the  end  posts  at  the  west  end 
of  the  span  wei'e  placed;  the  traveler  was  then  moved  eastward,  and 
on  the  11th  of  October  the  end  i^osts  at  the  east  end  were  jjlaced. 
The  span  was  swung  on  the  15th  of  October,  1891.  The  erection  from 
the  placing  of  the  first  chord  section  to  the  swinging  of  the  span 
occuijied  32  days. 

This  span,  the  total  weight  of  which  is  5  122  252  lbs.,  is  believed  to 
be  the  heaviest  and  longest  span  that  was  ever  erected  on  false-work. 
A  single  member,  the  section  of  top  chord  between  panel  points  Ul  U3, 
weighed  61  944  lbs. 

On  the  completion  of  the  erection  of  this  span  the  false-work  was 
driven  for  the  cantilever  which  projects  from  the  east  end  of  it,  and 
this  cantilever  was  also  raised  -with  the  traveler,  it  being  completed  on 
the  31st  of  October. 

The  traveler  was  then  moved  to  the  west  end  of  the  span;  the  false- 
work was  removed  from  under  the  east  projecting  cantilever  and  the 
eastern  end  of  the  span,  to  the  span  between  Piers  UI  and  TV.  On  the 
24th  of  November  the  western  cantilever  was  comjileted.  On  the  7th 
of  December  the  entire  false- work  was  finished  so  that  the  erection  of 
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the  snsi)endiHl  spau  i-cacliiug  to  Pier  TV  could  begin.  The  l)(>ttoiu 
chord  of  this  sjjan  had  to  be  riveted  before  it  was  swung,  but  tne 
connections  were  all  made  by  December  16th. 

Thi;i  completed  the  erection  of  the  continuous  superstructure  ex- 
cept the  suspended  span  over  the  channel.  The  traveler  which  had 
done  its  work  was  now  taken  down  and  the  false-work  removed. 

The  actual  erection  of  the  last  suspended  span,  the  only  portion 
of  the  Memphis  bridge  which  was  erected  without  false-work,  was 
begun  on  the  9th  of  February.  A  traveler  of  simple  character,  which 
consisted  of  a  platform  resting  on  the  top  chords  and  carrying  two 
derricks  guyed  to  a  stiff  frame,  was  set  up  at  the  east  end  of  the  west 
cantilever  of  this  span  (this  being  the  cantilever  which  projects  from 
the  east  end  of  the  central  span).  The  material  was  taken  out  in  a 
barge  under  these  derricks  and  lifted  into  position. 

The  weight  of  this  suspended  span  was  so  great  that  the  chief  en- 
gineer hesitated  about  employing  the  adjustable  wedges  which  have 
been  used  on  similar  structiires  at  the  connection  between  the  canti- 
lever arm  and  a  suspended  span.  Oblong  holes,  each  carrying  two 
pins,  were  iilaced  at  the  sliding  joints  (see  Plate  XVTTT) ,  and  by  placing 
adjustable  wedges  between  these  pins  the  position  of  the  end  of  the 
projecting  sjjan  could  have  been  raised  or  lowered,  or  the  sjjan  could 
have  been  moved  backward.  The  engineer,  however,  decided  to  erect 
the  west  end  without  any  adjustment  and  the  east  end  with  a  hy- 
draulic adjustment,  and  to  make  the  connection  between  the  bottom 
chords  with  eye-bars,  which,  acting  as  a  toggle  joint,  could  take  up 
variations  of  length.  The  engineer  now  admits  that  this  was  an  error 
in  judgment.  Wedges  could  have  been  used  to  better  advantage  than 
the  fixed  connections  at  the  west  end  or  the  hydraulic  connection  at 
the  east  end.  The  hydraulic  connection  at  the  east  end  was  used  only 
in  the  bottom  chord,  a  double  wedge  arrangement  being  used  in  the 
top;  the  double  wedge  is  not  as  good  as  the  single  wedge. 

After  the  cantilever  arms  had  been  built  out,  the  opening  between 
them,  which  had  been  carefully  triangulated,  was  measured  direct 
with  a  steel  wire.  Computations  were  made  showing  the  changes  in 
length  of  the  members  of  the  central  span,  the  anchorage  spau  and 
the  cantilever  arms,  resulting  from  the  building  out  of  the  half  spans 
of  the  intermediate  span.  The  positions  of  the  ends  of  the  cantilever 
arms  at  the  adjustment  ijoint  under  that  condition  were  then  calcu- 
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lated,  as  well  as  the  form  of  the  half  sjian  when  built  out.  These 
calculations  gave  data  for  fixing  the  distance  between  the  adjustment 
pins  of  the  first  half  span  (the  west  one)  that  was  built.  The  distance 
between  these  pins,  which  determined  the  position  of  the  free  end  of 
the  half  span  when  built  out,  was  fixed  by  stationary  castings  (shown  iu 
Plate  XYIII) ;  these  were  made  in  two  parts  for  convenience  in  handling. 
After  the  erection  of  the  half  span  had  been  commenced,  no  change 
could  be  made  in  its  final  position. 

"^Tien  calculating  the  final  position  of  the  half  span,  it  was  assumed 
that  the  erecting  outfit  of  traveler,  engines,  lines  and  scafiblds  would 
remain  on  it  until  the  span  was  swung.  This  was  an  error;  the  un- 
usual weight  of  the  span  insured  much  difficulty  in  swinging,  and  it 
should  have  been  assumed  in  the  first  jjlace  that  all  appliances  not 
absolutely  necessary  in  swinging  the  span  would  be  removed  as 
soon  as  the  half  spans  were  built  out.  They  were  removed,  and  the 
free  end  of  the  west  half  span,  after  their  i-emoval,  was  5  ins.  above 
the  elevation  intended;  this  added  materially  to  the  subsequent  diffi- 
culties. 

The  adjustment  pins  and  castings  for  the  west  half-sjjan  were 
placed  February  9th  and  12th.  Erection  was  proceeded  with  and  the 
half  span  erected  to  within  one  panel  of  the  center  of  the  span  during 
the  next  20  days.  The  traveler  used  for  this  jjuri^ose  was  then  re- 
moved, and  the  erection  engine,  lines,  etc.,  run  back  to  the  end  of  the 
cantilever  arm. 

The  distance  fixed  between  the  adjustment  pins  had  been  based  on 
calculations  of  extensions  or  contractions  due  to  the  increased  strain 
resulting  from  the  building  out  of  the  half  spans;  these  computed 
changes  in  length  were  applied  as  corrections  to  the  measured  distance 
across  the  opening  between  the  cantilever  arms.  The  corrections  to 
the  upper  chord  opening  depended  on  computed  changes  in  length  of 
chord  members  for  a  distance  of  1  863  ft. ;  the  corrections  to  the  lower 
chord  opening  dejiended  upon  computed  changes  in  length  for  a  dis- 
tance of  1  411  ft.  A  slight  error  in  the  assumption  as  to  loading  would 
produce  an  apj^reciable  difference  in  the  total  extension  or  contraction 
in  these  distances;  moreover,  the  members  were  in  the  main  riveted 
•jLiembers  with  heavy  splice  plates,  tie  plates  and  lattices,  all  of  which 
increased  the  average  cross-sections,  so  that  with  a  correct  strain  sheet 
the  calculated  changes  in  length  might  be  to  a  considerable  extent  in- 
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exact.     It  was  therefore  thought  necessary  to  provitle  for  a  small  ad- 
justment for  the  east  half  spau. 

Wedges  (shown  in  Plate  XVIII)  were  made  for  the  iipijer  chord  ad- 
justment. They  jirovided  for  a  total  variation  in  distance  between 
pin  centers  of  only  1  in.  Some  small  variations  from  plan  dimensions 
reduced  this  range  to  about  l  in. 

The  removal  of  all  ajipliances  from  the  west  half  span  not  only 
caused  the  free  end  to  rise  above  the  elevation  intended,  but,  by  reduc- 
ing the  strains  in  all  members,  caused  the  free  end  of  the  upper  chord 
to  be  about  1  in.  west  of  the  i)laee  expected.  On  the  other  hand,  the 
time  required  for  erecting  the  span  was  greater  than  had  been  ex- 
pected, so  that  the  connection  at  the  center  was  made  later  in  the 
season  and  at  a  higher  temj^erature  than  had  l)een  assumed.  These 
two  changes  in  condition  almost  balanced  each  other. 

It  was  expected  that  the  wedges  woitld  be  immovable  after  the  half 
sjian  had  been  built  out  its  fiill  length;  they  were  to  be  used,  however, 
for  11  final  adjustment  after  the  half  sjjan  had  been  built  out  half  its 
length.  Before  beginning  the  erection  of  the  half  span,  the  distance 
across  the  opening  was  again  measured  and  the  wedges  placed  at  nearly 
mid-position,  the  measurement  having  checked  previous  measurements 
and  computations  within  a  small  jjart  of  an  inch.  After  the  wedges 
had  been  placed  and  the  erection  of  the  half  span  commenced,  the  ad- 
justment was  not  changed  until  the  span  had  been  released  at  the 
adjustment  points  at  the  west  end. 

When  an  attempt  was  made  to  move  these  wedges,  the  double  wedge 
was  found  defective.  One  of  the  wedges  would  move  first;  the  im- 
mediate result  was  a  great  increase  of  pressure  on  the  other  wedge 
applied  at  its  small  end;  this  fixed  it  in  jilace,  and  as  the  screw  was 
turned  to  continue  the  withdrawal,  the  movement  of  the  first  wedge 
continued  until  some  means  were  used  to  jjrevent  its  movement. 

For  the  lower  chord  adjustment  at  the  east  end  of  the  span  a  hy- 
draulic jack  (Plate  XVIII)  was  provided  for  each  truss.  Each  jack  had 
a  plunger  14  ins.  in  diameter,  with  a  stroke  of  3j  ins.  One  force-pumiJ 
was  provided  for  operating  these  jacks;  it  was  of  special  design  and 
very  simjjle  in  construction.  The  ordinary  leather  cup-packing  proved 
inadequate  and  was  rejilaced  by  soft  lead.  The  adjustment  in  the 
lower  chord  was  simply  the  thrusting  out  of  the  hydi-aulic  jacks  to  the 
projier  distance,  to  give  the  end  of  the  half  sjjan,  when  built  out,  the 
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same  elevation  as  the  end  of  the  west  half  span,  already  built.  The 
stroke  of  the  jacks  was  not  enough  for  this,  but  this  v-as  provided  for 
by  placing  crescent-shaped  fillers  in  the  elongated  pin-holes  between 
one  of  the  pins  and  the  webs  of  the  chord.  When  the  half  span  was 
built  half  its  length,  the  jacks  were  used  to  increase  the  distance  be- 
tween the  adjustment  pins  ^  in.  With  this  adjustment  the  limit  of  the 
capacity  of  the  pumi^  was  reached ;  and  as  the  erection  proceeded,  this 
half  span,  like  the  west  one,  became  unadjustable.  When  the  half 
spans  met  at  the  center  they  were  so  nearly  the  ^ame  elevation  that 
little  difficulty  was  met  in  driving  the  center  pins  of  the  ujiper  chords 
which  closed  the  span  and  completed  the  connection  between  the  upper 
chords  and  the  web  systems. 

To  supply  the  place  of  the  end  adjustments  ordinarily  i3ro\-ided  for 
swinging  the  si^an,  the  Chief  Engineer  decided  to  depend  mainly  on 
expansion  by  temperature  to  extend  the  upper  chord,  and  on  a  toggle 
joint  to  shorten  the  lower  chord,  so  that  the  adjustment  jsins  could  be 
withdrawn.  For  one  full-truss  panel  of  the  lower  chord  there  wei*e 
substituted  two  lengths  of  eye-bars  connected  to  adjoining  sections  of 
bottom  chord  by  temporary  pins,  and  to  each  other  by  short  coupling 
bars.  A  short  vertical  rod  2  ins.  square,  having  a  nut  at  the  lower  end 
and  an  eye  at  the  upper  end,  passed  between  each  pair  of  coupling  bars 
and  through  a  washer  Avhich  took  ])earing  on  the  lower  edge  of  the 
coui^ling  bars.  The  toggle  joint  was  completed  by  lifting  on  the  2-in. 
square  rods.  The  eye-bars  and  couplings  were  planed  to  permit  the  in- 
sertion of  the  riveted  lower  chord  sections  after  swinging  the  span,  the 
top-flange  angles  being  removed  and  riveted  back  again  after  placing. 
The  arrangement  of  the  bars  is  shown  on  Plate  XIX  The  eye-bars  were 
called  the  toggle  bars;  the  joint  at  center  was  called  the  toggle  joint, 
and  the  rods  by  which  the  toggle  joint  was  pulled  up  were  called  the 
toggle  rods. 

As  the  ends  of  the  half  sjians  were  too  high,  the  opening  in  the 
lower  chord  between  the  ends  of  the  riveted  sections  (one  section  at 
the  center  being  left  out),  when  the  joints  in  the  upper  chord  were  just 
brought  into  bearing,  was  nearly  4  ins.  less  than  the  length  of  the 
closing  section.  It  was  necessary  to  raise  the  toggle  joint  3  ft.  before 
the  toggle  bars  became  taut.  By  loading  the  adjoining  cantilever  arms 
the  lower  chords  were  compressed  so  that  the  toggle  bars  became  taut 
when  the  toggle  joint  was  lifted  1{  ft. 
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The  ereotiou  of  tlie  east  lialf-span  ready  for  the  closing  sec-tions 
was  completed  April  8th  ;  the  traveler  and  all  superfluous  material 
were  removed  ;  a  derrick  was  erected  on  the  end  of  each  arm  to  handle 
the  closing  sections.  The  season  was  well  advanced,  and  for  several 
days  the  temperature  had  been  too  high  to  close  the  upper  chord  sec- 
tions, if  all  preparation  had  been  made;  but  cooler  weather  came  op- 
portunely, and  at  9  a.m.  of  April  10th  they  were  inserted,  Avith  an  open- 
ing of  only  T8  in.  more  than  required. 

During  the  next  three  days  the  inclined  rods  (Plate  XIX)  for  lifting 
the  toggles  were  placed  ;  in  addition,  two  pairs  of  heavy  triple  blocks, 
rove  with  manilla  line  2  ins.  in  diameter,  were  placed  in  each  truss, 
connecting  the  upper  and  lower  chords  at  the  center  of  the  sjjan,  each 
pair  of  blocks  having  a  capacity  of  25  tons.  The  derricks  were  taken 
down,  and  all  was  in  readiness  to  swing  the  span;  but  the  weather  be- 
came cold  when  heat  was  wanted. 

During  the  swinging  of  the  sj^an  changes  in  strain  causing  changes 
in  length  must  occur.  The  total  shortening  thus  caused  in  the  ujjper 
chords  amounted  to  about  4|  ins.  The  distance  between  the  fixed 
points  on  Piers  I  and  III  Avas  1  411  ft.  5^  ins.  The  change  in  length  for 
1^  Fahr.  was  0.0095  ft.  To  produce  a  change  in  length  of  4j  ins.  re- 
quired a  change  of  41°.  The  top  chord  at  the  center  of  the  intermedi- 
ate span  became  closed  at  56-.  A  temperature  of  97-  was  necessary  to 
release  the  adjustment  pins  in  the  upper  chord.  This  natural  temper- 
ature could  not  be  had,  and  various  means  were  tried  to  swing  the  span 
at  a  lower  one,  all  tending  to  increase  the  length  of  the  uj)per  chord. 

During  the  several  days  of  cool  weather  which  followed  the  con- 
nection of  the  top  chords  at  the  center  of  the  sjjan,  the  cantilever  arms 
"between  Piers  I  and  II  were  loaded  with  timl)er,  rails,  locomotives,  etc. 
to  about  6  000  lbs.  j^er  linear  foot.  The  toggle  rods  were  screwed  up 
daily  and  the  adjustment  pins  watched  closely,  but  there  was  no  sign 
of  loosening.  The  resident  engineer,  Mr.  Alfred  Noble,  adopted  the  ex- 
pedient of  heating  the  upjjer  chord  of  the  intermediate  sjiau  witli 
steam.  A  ly-in.  pipe  was  j^laced  in  each  chord  for  the  entire  length 
of  the  span.  Canvas  was  placed  under  the  pipe  on  the  lacing,  to 
retain  the  heated  air  in  the  chord  ;  on  the  19th  of  April  steam  from 
the  locomotives  was  turned  on  the  jiiijes,  the  toggle  rods  were  screwed 
up,  and  as  heavy  a  strain  as  they  would  stand  was  put  on  the  lines, 
and  blocks  placed  to  assist  in  raising  the  toggle  joint.     As  the  tem- 
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perature  approached  its  maximum  for  the  day  it  was  found  that  Pier. 
I  and  in  were  being  jDUshed  apart,  the  movement  of  Pier  I  being  i  in. 
and  of  Pier  HE  li  ins. ;  the  possibility  of  this  motion  had  been  consid- 
ered, both  in  its  effects  on  the  masonry  of  the  piers  and  in  swinging 
the  span.  Masonry,  like  all  the  other  construction,  is  elastic  ;  the 
piers  could  move  much  more  than  these  amounts  without  injury.  The 
motion  of  the  piers,  however,  worked  against  the  shortening  of  the  top 
chord  by  compression,  and  this  attempt  to  swing  the  span  failed.  It 
almost  succeeded,  however,  as  was  shown  by  the  fact  that  some  of 
the  ujjper  chord  web  bearings  could  be  moved  on  the  pins. 

During  the  next  two  days  four  rods,  each  Ij  ins.  round,  were  placed 
in  each  truss,  to  connect  the  toggle  joints  with  the  center  of  the  upper 
chord  and  aid  in  lifting  the  toggles  ;  steam  pipes  were  laid  in  the  up- 
per chords  of  the  central  span  extending  half  way  from  Pier  II  to  Pier 
m.  Clamps  (shown  on  Plate  XIX)  were  jjlaced  at  the  adjustment 
points  in  each  of  the  upper  chords  at  the  west  end  of  the  inter- 
mediate span;  each  clamp  consisted  of  four  rods,  2 J  ins.  diameter, 
with  upset  ends  and  nuts,  bearing  against  pieces  of  rail  and  through 
oak  blocks  bearing  against  the  edges  of  the  tie  jjlates  of  the  chord 
sections. 

On  the  morning  of  April  22d  the  operation  of  lifting  the  toggle 
joints  began  ;  there  were  24  toggle  rods,  and  the  work  of  turning  up 
the  nuts  required  several  hours  of  steady  work ;  the  joint  was  finally 
raised  3.75  ft.  above  the  line  of  the  lower  chord.  At  4  p.m.  the  steam 
pipes  were  connected  to  the  locomotives  and  a  heavy  strain  put  on  the 
clamps  ;  in  an  hour  the  adjustment  pins  at  the  west  end  of  the  upper 
chords  became  loose  and  were  taken  out ;  the  adjustment  wedges  in 
the  upper  chord  at  the  east  end  of  the  span  were  loosened  ;  the  upper 
chord  being  now  released  at  both  ends,  all  difficulties  were  over  and 
the  span  was  practically  swung.  Night  had  come,  and  work  was  sus- 
pended until  morning,  when  the  hydraulic  jacks  in  the  lower  chord  at 
the  east  end  of  the  span  were  slackened  off  and  taken  out,  the  wedges 
were  removed,  the  castings  in  both  chords  at  the  west  end  of  the 
span  taken  out  and  the  pins  put  back  in  place.  The  toggle  rods  and 
lines  were  then  slacked  off,  allowing  the  lower  chord  to  assume  its 
normal  jiosition,  and  the  jiermanent  sections  of  bottom  chord  were 
inserted. 

During  the  erection  and  swinging  of   the  intermediate  span    the 
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ailjoining  cantilever  arms  hail  been  subjected  to  strains  exceeding 
those  due  to  the  loading  assumed  in  proportioning  the  members,  but 
not  exceeding  safe  limits.  Twelve  days  ■were  spent  in  swinging  this 
span. 

The  erection  of  the  channel  span  completed  the  continuous  super- 
structure of  the  Memphis  bridge.  The  floor  system  was  put  in,  the 
riveting  was  continued,  and  the  entire  structure  was  ready  for  the 
passage  of  trains  on  the  12th  of  May,  when  the  bridge  was  formally 
opened. 

Deck  Span. — The  deck  span  at  the  west  end  of  the  bridge  does  not 
properly  belong  to  this  i)aper.  It  is  a  single  triangular  truss  consist- 
ing of  six  panels,  the  floor  being  sustained  at  the  half  panel  points 
by  vertical  posts.  The  only  peculiarity  about  this  truss  is  the  fact 
that  at  the  east  end  the  support  is  taken  in  niches  at  the  west  side  of 
Pier  IV,  the  posts  being  shortened  to  fit  these  niches  and  the  bottom 
chord  brought  upward  to  a  connection  with  the  post.  The  floor  is 
kept  uniform  throughout,  the  east  pair  of  stringers  connecting  with  the 
floor  beam  over  the  center  of  Pier  TV.  At  the  west  end  the  full  depth 
of  the  truss  is  maintained,  and  an  expansion  bearing  on  rollers  similar 
to  those  on  Pier  II  is  used. 

Weights. — -The  following  table  gives  the  weight  of  the  superstruc- 
ture classified  by  sjians.  In  this  table  the  vertical  posts  over  Piers  I, 
H  and  III,  and  the  supports  on  the  piers,  are  divided  between  adjacent 
spans : 

Pounds. 

East  Approach 66  812 

Anchorage  Span 1  606  727 

Cantilever  Pier  I 1  252  365 

East  Intermediate  Span 2  329  759 

Cantilever-Pier  n 1  284  674 

Central  Span 5  122  252 

Cantilever  Pier  IH 1  260  452 

West  Intermediate  Span 2  327  845 

Deck  Span 1  072  951 

16  323  837 

These  are  the  actual  shop  weights,  and  the  sum  is  the  total  amount 
of  metal  in  the  bridge. 
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The  following  talsle  gives  the  weights  as  divided  in  estimating  the 
strains.  The  jjortions  directly  over  the  piers,  which  are  carried  by 
the  piers  instead  of  by  any  jjortion  of  the  trusses,  are  eliminated  from 
±he  weights  of  the  spans  : 

Pounds. 
Ajjproach  from  Abutment  to  Anchorage  Pier,  includ- 
ing fence 66  812 

Anchor  rods  and  plates  in  Anchorage  Pier 74  995 

Anchorage  bars,  blocks,  etc. ,  below  lower  chord 57  936 

Tetrapod  and  castings •  6  777 

Anchorage  Span,  exclusive  of  jiosts  Lo  Uo  and  cast- 
ings on  Pier  1 1  305  084 

Posts  Lo   "Co,  portal  between  same  and  castings  on 

Pier  1 323  869 

East  Cantilever  Arm 1  090  431 

East  Intermediate  Span 2  329  759 

Cantilever  Ai-m,  Pier  H 1  090  430 

Posts  Lo  Uo,  portal  for  same,  rollers,  etc. ,  and  cast- 
ings on  Pier  U 388  489 

Central  Span,  exclusive  of  end  posts,  castings,  etc. . .  4  757  987 
Posts   Lo    Uo,    i^ortal    for    same,    castings,    etc.,    on 

Pier  m 340  041 

CantUever  Arm,  Pier  III 1  090  431 

"West  Intermediate  Span,  exclusive  of  castings 2  269  340 

Castings  on  tojD  of  Pier  IV 58  505 

Deck  span  castings  in  niches  of  Pier  r\' 11  262 

Deck  Span,  exclusive  of  end  supports  and  j)osts  Lo 

Uo  W 1  019  664 

Castings  Pier  V  and  posts  Lo  Uo  W 42  025 

Total 16  323  837 

The  weights  per  foot  referred  to  ia  this  jjaper  are  calculations  on 
the  basis  of  this  table. 

These  several  tables  give  the  weight  of  the  steel  in  the  structure. 
The  weight  of  the  wooden  floor  is  additional,  and  was  estimated  at  630 
lbs.  per  linear  foot,  this  including  rails  and  connections. 
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KANSAS  CITY    AND   MEMPHIS  RAILWAY  AND  BRIDGE  COM- 
PANY. 


Spec ifkat ions  for  Superstructure  of  BrU/r/e  across  the   Mississippi  River, 
at  31emp}tis,    Tennessee. 


I.— GENERAL     DESCRIPTION. 

1.  Tlie  superstructure  is  divided  into  two  parts  :  First,  the  contin- 
uous superstructure  of  the  main  bridge  ;  second,  tlie  deck  sjjau  at  the 
%/est  end. 

2.  The  continuous  superstructure  will  consist  of  a  central  sj^au 
(resting  on  Piers  II  and  III),  621  ft.  OJ  in.  long,  from  each  end  of  which 
will  project  a  cantilever  arm,  169  ft.  41  ins.  long  ;  of  an  anchorage  span 
(from  the  anchorage  pier  on  the  Tennessee  shore  to  Pier  I),  225  ft.  10 
ins.  long,  from  which  will  project  a  cantilever  arm  precisely  like  those 
projecting  from  the  central  span  ;  of  two  intermediate  spans  451  ft.  8 
ins.  long  (one  of  which  Avill  be  suspended  from  the  cantilever  arms 
projecting  from  Piers  I  and  II,  and  the  other  will  be  suspended  at  the 
east  end  from  the  cantilever  arm  projecting  from  Pier  III  and  will  rest 
at  the  west  end  on  Pier  TV"),  the  entire  continuous  superstructure  being 
2  258  ft.  4  ins.  long,  di\aded  into  one  span  of  225  ft.  10  ins.,  one  of  790 
ft.  5  ins.,  and  two  of  621  ft.  Oi  in. 

3.  This  continiious  sui)erstructure  will  be  rigidly  fastened  to  Piers 
I,  in  and  TV,  but  will  rest  on  expansion  rollers  on  Pier  11.  Slip  joints 
will  be  provided  for  exjiansion  at  the  suspended  ends  of  the  indeijen- 
dent  spans. 

4.  The  trusses  will  be  placed  30  ft.  between  centers,  and  will  be 
divided  into  j^anels  28  ft.  2 J  ins.  long,  the  right  being  reserved  to 
shorten  the  jjanels  by  an  amount  not  exceeding  \  in.  at  any  time  before 
the  work  is  actually  manufactured. 

5.  The  deck  span  at  the  west  end  will  be  338  ft.  9  ins.  long  from  the 
center  of  Pier  IV  to  the  center  of  the  pin  on  Pier  V,  divided  into  12 
panels  of  28  ft.  2 J  ins.  each,  the  trusses  being  placed  22  ft.  between 
centers.  The  east  end  of  the  span  will  be  carried  in  niches  on  the  west 
side  of  Pier  IV;  the  west  end  will  have  roller  bearings  over  the  center 
of  Pier  V.  This  span  will  include  a  vertical  bent  which  Avill  carry  the 
west  end  of  the  west  pair  of  sti'ingers. 

6.  The  estimated  approximate  weight  of  the  continuous  super- 
structure is  13  000  000  pounds  ;  that  of  the  deck  span,  1  000  000  lbs., 
making  the  total  estimated  weight  of  the  superstructure  of  the  bridge 
proper,  14  000  000  lbs. 

Plans. 

7.  Full  detail  jilans  showing  all  dimensions  -vdW  be  furnished  by 
the  engineer.  The  work  shall  be  built  in  all  respects  according  to 
these  plans.     The  contractor,  however,  will  be  expected  to  verify  the 
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correctness  of  the  i^lans,  and  will  be  required  to  make  any  changes  in 
the  work  which  are  necessitated  by  errors  in  these  plans,  without  exti-a 
charge,  where  such  errors  coiild  be  discovered  by  an  insj)ection  of  the 
plans. 

II.— MATERIAL. 

8.  All  parts,  except  nuts,  swivels,  clevises  and  wall  jjedestal  plates, 
will  be  of  steel.  The  nuts,  swivels  and  clevises  may  be  of  wrought 
iron,  but  shall  have  sufficient  strength  to  break  the  bodies  of  the  mem- 
bers to  which  they  are  attached.  The  pedestal  plates  will  be  of  cast 
iron. 

9.  All  material  shall  be  subject  to  insi^ection  at  all  times  during  its 
manufacture,  and  the  engineer  and  his  insi^ectors  shall  be  allowed  free 
access  to  any  works  in  which  any  jjortion  of  the  material  is  made. 
Timely  notice  shall  be  given  to  the  engineer,  so  that  insj^ectors  may  be 
on  hand. 

Steel. 

10.  Steel  will  be  divided  into  three  classes :  First,  High-Grade  Steel, 
which  shall  be  used  in  all  the  principal  truss  members  ;  second. 
Medium  Steel,  which  shall  be  used  in  the  floor  system,  laterals,  portals, 
transver.-e  bracing  and  the  lacing  of  the  truss  members  ;  third.  Soft 
Steel,  which  shall  be  used  only  for  rivets,  and  at  the  option  of  the  con- 
tractor where  wrought  iron  is  permitted. 

11.  The  bolsters  which  carry  the  large  pin  bearings  on  Piers  I,  II 
and  III  shall  be  of  cast  steel. 

12.  In  any  case  where  it  seems  doubtful  what  quality  of  steel  is  re- 
quired, High-Grade  Steel  shall  be  used. 

13.  Steel  may  be  made  l)y  the  oi^en-hearth  or  by  the  Bessemer  pro- 
cess, but  no  steel  shall  be  made  at  works  which  have  not  been  in  suc- 
cessful oiJeration  for  at  least  one  year. 

14.  All  steel  shall  be  made  from  uniform  stock  low  in  phosj^horus, 
and  the  manufacturer  shall  furnish  reports  of  the  analysis  of  every 
melt,  certified  by  a  chemist  satisfactory  to  the  Chief  Engineer. 

15.  In  the  finished  product  of  open-hearth  steel  the  amount  of 
phosphorus  shall  not  average  more  than  rfy  of  1 "  ^ ,  and  never  exceed 
-j-y  of  1  per  cent. 

16.  In  the  finished  product  of  Bessemer  steel,  the  amount  of  jjhos- 
phorus  shall  not  average  more  than  tuu  of  1"„,  and  never  exceed  -,\-  of 
1  per  cent. 

17.  A  sample  bar  J  in.  in  diameter  shall  be  rolled  from  every  melt, 
the  method  of  obtaining  the  piece  from  which  this  bar  is  rolled  to  be 
the  same  in  all  cases,  and  the  amount  of  work  on  this  sample  bar  to 
be  as  nearly  as  practicable  the  same  as  on  the  finished  j^i'oduct.  The 
first  laboratory  test  shall  be  made  on  this  sample  bar  in  its  natural 
state  without  annealing. 

18.  A  second  sample  bar  having  a  cross-section  of  1  sq.  in.  shall  be 
cut  from  the  finished  product  of  every  melt.  The  second  laboratory 
test  shall  be  made  on  this  sample  bar  in  its  natural  state  without  an- 
nealing. 

19.  In  the  laboratory  tests  all  observations  as  to  elastic  limit,  ulti- 
mate strength,  elongation  and  reduction  shall  be  made  on  a  length  of 
8  inches. 

20.  A  piece  of  each  sample  bar  shall  be  bent  180  ^  and  closed  up 
against  itself  without  showing  any  crack  or  flaw  on  the  outside  of  the 
bent  portion. 


IMORISON  ON  SUPERSTRUCTURE  OF  MEMPHIS  BRIDGE.     G05 
21.  The  first  laboratory  test  shall  meet  the  following  reiiuiremeuts : 


Maximum  Ultimate  STengtb,  Ibp.  per  sq.  in 

Minimum  Ultimate  strength,  Ibp.  per  eq  in... 

Minimum  Elastic  Limit,  lbs  per  scj.  in 

Minimum  percentage  ot  Elon^iaiiou  in  8  ins. .. 
Minimum  percentage  of  Keduction  at  Fracture 


Hi^b-Gradel    Medium 
Steel.       i       Steel. 


78  500 

71  500 

4'2  000 

20 

40 


72  500 

65  500 

38  000 

21 

45 


Soft  Steel. 


63  000 

57  OOO 

32  000 

28 

50 


22.   The  second  laboratory  test  shall  meet  the  following  reqiiire- 
meuts : 


Maximum  Ultimate  Strength,  lbs.  per  sq.  in 

Minimum  Ultimate  Strength,  lbs. per  sq.  in.   .. 

Minimum  Elastic  Limit,  lbs.  per  sq.  in , 

Minimum  percentage  of  Elongatiou  in  8  ins.. 
Minimum  percentage  of  Reduction  at  Fracture 


78  500 

69  000 

40  000 

18 

38 


72  500 

64  000 

37  000 

22 

44 


63  000 

55  000 

30  000- 

28 

50 


23.  If  the  ultimate  strength  comes  within  500  lbs.  of  the  maximum 
or  minimum  limit,  a  second  test  will  be  made,  and  both  tests  will  be 
required  to  come  within  the  limits. 

2-i.  Every  melt  which  does  not  conform  with  these  requirements 
shall  be  rejected. 

25.  A  full  report  of  the  laboratory  tests  shall  be  furnished,  certified 
by  an  insjjector  accepted  by  the  Chief  Engineer. 

26.  The  broken  and  bent  sijeeimens  shall  be  preserved  subject  to 
the  orders  of  the  Chief  Engineer. 

27.  Three  notices  of  the  acceptance  of  each  melt  shall  be  mailed  on 
the  day  of  such  acceptance,  stating  the  number  of  the  accepted  melt 
and  quality  of  steel.  Two  of  these  notices  shall  be  sent  to  the  Chief 
Engineer  at  his  Chicago  and  New  York  offices  respectively;  and  one  to 
the  shop  inspector  at  the  works. 

28.  Analyses  shall  be  made  by  the  manufacturer  of  every  melt, 
showing  amount  of  phosphorus,  carbon,  silicon  and  manganese,  and 
certified  copies  of  these  analyses  shall  be  furnished  to  the  mill 
inspector,  who  will  forward  them  to  the  Chief  Engineer. 

29.  Weekly  reports  in  full  detail,  including  reports  of  chemical 
analyses,  shall  be  sent  to  the  Chief  Engineer  at  his  Chicago  office  not 
later  than  the  end  of  the  week  succeeding  the  week  in  which  such  tests 
are  made. 

30.  Three  notices  of  the  shipment  of  manufactured  material  identi- 
fying the  melts  and  dimensions  shall  be  mailed  on  the  day  after  such 
shipments  are  made,  in  the  same  manner  as  the  notices  of  accejjtance 
of  material. 

31.  Every  finished  piece  of  steel  shall  be  stamped  on  one  side  near 
the  middle  of  the  bar  and  also  on  both  ends  of  the  bar  wdth  a  number, 
identifying  the  melt. 

32.  The  finished  product  shall  be  perfect  in  all  parts  and  free  from 
irregularities  and  surface  imperfections  of  all  kinds. 
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33.  The  cross-sections  shall  never  differ  more  than  2%'  from  the 
ordered  cross-sections  as  shown  by  the  dimensions  on  the  plans. 

34.  All  sheared  edges  shall  be  planed  off  so  that  no  rough  or  sheared 
surface  shall  ever  be  left  on  the  metal. 

35.  Steel  for  pins  shall  be  sound  and  entirely  free  from  piping. 
All  i^ins  in  the  main  trusses  shall  be  drilled  throiagh  the  axis. 

CAST    STEEL. 

36.  A  sample  bar  Ij  ins.  in  diameter  and  16  ins.  long  shall  be  cast 
from  every  melt.  This  sample  bar  shall  then  be  turned  down  to  }  iti. 
in  diameter  and  the  laboratory  tests  made  ixjion  it. 

37.  These  laboratory  tests  shall  shoAV  an  ultimate  strength  of  at 
least  70  000  lbs. ,  an  elastic  limit  of  at  least  40  000  lbs.  and  an  elonga- 
tion of  at  least  15%  in  8  ins.  and  a  reduction  of  18"o  at  point  of 
fracture. 

38.  Steel  castings  shall  be  sound  and  as  free  as  possible  from  blow 
holes. 

39.  If  on  the  finished  surface  the  blow  holes  cover  more  than  To^n-xrir 
jDart  of  the  entire  surface,  and  if  any  blow  hole  exceeds  ^  in-  in  diame- 
ter, the  casting  shall  be  rejected. 

CAST   IKON. 

40.  Cast  iron  shall  be  the  best  quality  of  dark  gray  charcoal  iron 
of  a  quality  suitable  for  car  wheels,  the  castings  to  be  entirely  sound 
and  free  from  blow  holes. 

III. -MANUFACTURE. . 

41.  The  work  shall  be  done  in  all  respects  according  to  the  detail 
plans  furnished  l)y  the  Chief  Engineer. 

42.  Where  there  is  room  for  doubt  as  to  the  quality  of  work  required 
by  the  plans  or  specifications,  the  doubt  shall  be  decided  by  using  the 
best  class  of  work  which  any  interpretation  would  admit  of. 

43.  All  workmanship,  whether  particularly  specified  or  not,  must  be 
of  the  best  kind  now  in  use.  Past  work  done  for  the  same  chief  engi- 
neer will  never  be  recognized  as  a  precedent  for  the  use  of  other  than 
the  best  kind  of  work. 

44.  Ragged  edges  or  any  kind  of  irregularities  or  unnecessary 
roughness  will  be  sufl&cient  ground  for  rejection. 

45.  All  surfaces  in  contact  shall  be  cleaned  and  painted  before  they 
are  put  together. 

46.  All  work  shall  be  finished  in  the  shop  and  ample  time  given  for 
inspection. 

47.  No  material  shall  be  loaded  on  cars  until  accepted  by  the 
inspector. 

48.  The  finishing  of  work  after  loading  will  not  be  jjermitted. 

SOLID    DRILIiED    WOKK. 

49.  All  riveted  members  which  are  made  of  High-Grade  Steel  and  all 
other  pieces  connecting  \iith.  such  members  shall  be  solid  drilled,  no 
punching  whatever  being  allowed,  excejjting  lacing  bars  which  may  be 
2)unched  and  reamed. 

50.  All  plates,  angles  and  shapes  shall  be  carefully  straightened  at 
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the  slioi)s  before  thev  are  put  together.  Mill  straigliteuiug  will  uot  be 
eousidered  to  meet  this  requirement. 

51.  The  pieees  shall  be  then  assembled  and  held  in  position  by 
elamjjs  and  bi)lts. 

5'2.  Where  bolts  passing  through  the  metal  are  used,  the  holes  shall 
be  drilled  iu  all  metal  more  than  |  in.  thick,  the  diameter  of  the  drilled 
hole  to  be  ut  least  ;^  in.  less  than  the  diameter  of  the  tinished  hole. 

53.  Iu  metul  not  more  than  :,'  iu.  thiek,  punched  holes  may  be  used 
for  fitting  up,  the  diameter  of  the  punched  hole  uot  to  be  moi-e  than 
three-quarter.s  the  diameter  of  the  finished  hole,  and  the  number  of 
punched  holes  never  to  exceed  eight  in  any  one  plate  or  four  iu  one 
flange  of  any  one  angle. 

54.  After  assembling,  the  work  shall  be  drilled,  the  rivet  holes  being 
carefully  spaced  iu  truly  straight  lines  and  at  the  exact  distances 
shoAvn  on  the  plans. 

55.  After  the  drilling  is  completed,  a  special  reamer  shall  be  run 
over  both  edge?  of  every  hole,  so  as  to  remove  the  sharp  edges  and 
make  a  fillet  of  at  least  -nr  in.  under  each  rivet  head. 

56.  The  assembled  j^arts  shall  then  be  riveted  up  without  taking 
apart,  unless  specially  directed  by  the  Chief  Engineer. 

57.  Iu  general,  all  holes  which  are  to  pass  through  several  thick- 
nesses of  metal  shall  be  drilled  with  all  those  pieces  of  metal  assembled 
in  the  exact  relative  i:>osition  they  are  to  hold  in  the  bridge. 

58.  In  the  case  of  connections  between  members  having  four  webs, 
one  member  may  be  finished  complete  with  the  splice  plates  riveted  on. 
The  two  inside  webs  of  the  adjoining  member,  one  end  being  already 
faced,  may  then  be  fitted  up  sejjarately  in  their  true  jjositiou  and  the 
rivet  holes  in  the  splices  drilled.  These  inside  webs  may  then  be 
removed;  the  member  to  which  they  belong  shall  be  assembled, 
riveted  up  complete  and  the  ends  faced,  the  facing  to  agree  exactly 
with  the  two  ends  already  faced  (see  Section  67).  The  member  shall 
then  be  fitted  to  the  adjoining  member,  and  the  rivet  holes  in  the 
splices  connecting  the  outside  web  shall  be  drilled. 

59.  The  size  of  rivets  shown  on  the  plans  is  the  size  of  the  cold 
rivet  before  heating. 

60.  The  diameter  of  the  finished  hole  shall  not  be  more  than  ,-,-  in. 
greater  than  the  diameter  of  the  cold  rivet.  It  is  intended  that  the 
heated  rivet  shall  not  drop  into  the  hole,  but  require  a  blow  from  a 
hammer  to  force  it  in.  if  it  is  found  that  rivets  will  drop  easily  into 
the  holes  the  inspector  will  condemn  those  rivets  and  order  a  larger 
size. 

61.  In  all  cases  where  riveting  is  to  be  done  in  the  field,  thejjarts  so 
to  be  riveted  shall  be  fitted  together  iu  the  shojjs  and  the  livet  holes 
drilled  while  they  are  so  assembled. 

62.  The  riveted  connections  of  the  portals,  cross  frames  and  floor 
beams  with  the  posts  and  chords  shall  be  drilled  with  the  several  j^arts 
fitted  together,  excepting  in  the  case  of  interchangeable  floor  beams. 

63.  An  iron  templet  not  less  than  2  ins.  thiek  may  be  used  in- 
stead of  the  floor  beams  when  drilling  the  holes  iu  the  chords,  and  the 
same  templet  instead  of  the  chords  when  drilling  the  holes  in  the  floor 
beams  ;  a  templet  may  be  used  in  the  same  manner  iu  drilling  the  con- 
nections between  the  floor  beam  and  the  supjjorted  upright  at  panel 
points  where  two  inclined  members  come  together  ;  but  the  connec- 
tion between  the  floor  beam  and  the  vertical  suspenders  at  i^anels  point 
L,  and  L^  of  the  intermediate  sjjans  shall  be  drilled  with  the  parts 
actually  assembled,  and  marked.      With  this  arrangement  two  floor 
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beams  at  each  end  of  the  intermediate  spans,  making  eight  in  all,  be- 
come special  ;  the  other  floor  beams  are  classed  as  interchangeable. 

64.  All  rivets  shall  be  driven  by  ijowei'  wherever  this  is  possible. 

65.  All  rivets  shall  be  regular  in  shape,  with  hemispherical  heads 
concentric  with  the  axis  and  absolutely  tight.  Tightening  by  calking 
or  recupping  -^-ill  not  be  allowed.  This  applies  to  both  power-driven 
and  hand-driven  rivets. 

66.  All  pin  holes  and  holes  for  turned  bolts  passing  through  the 
whole  width  of  a  riveted  member  shall  be  bored  or  drilled  after  all 
other  work  is  completed. 

67.  All  surfaces  in  contact  shall  be  carefully  faced,  the  facing  to  be 
done  after  the  entii-e  member  is  assembled  and  riveted  up  except  that 
in  the  case  of  chord  sections  with  four  webs  the  inside  webs  may  have 
one  end  faced  before  they  are  assembled,  these  two  faced  ends  to  be 
carefully  held  against  a  plane  surface  when  assembled  and  the  cor- 
responding ends  of  the  other  two  webs  to  be  faced  after  riveting  and 
to  agree  with  the  ends  already  faced. 

68.  When  two  chord  pieces  are  fitted  together  complete  in  the 
shop  there  shall  be  no  jaerceptible  wind  in  the  length  of  the  two  sec- 
tions. The  chords  are  generally  made  in  two  panel  lengths,  or  56  ft. 
5^  ins.  long.  In  the  case  of  shorter  lengths  a  sufficient  number  of 
pieces  shall  be  i^ut  together  to  make  a  continuous  length  equal  to  two 
of  the  long  sections. 

69.  All  chord  sections  shall  be  stamjied  at  each  end  on  the  outside 
vvath  letters  and  numbers  designating  the  joints  in  accordance  with  the 
diagram  plan  furnished  by  the  Chief  Engineer. 

70.  The  posts  shall  be  fitted  together  for  their  entire  length  and 
bolted  up  and  when  so  fitted  shall  be  perfectly  straight  and  free  from 
wind. 

71.  The  same  rule  shall  apply  to  the  marking  of  the  jiosts  as  to  the 
marking  of  the  chords. 

72.  Pin  holes  shall  be  bored  truly  and  at  exact  distances  parallel 
with  one  another  and  at  exactly  right  angles  to  the  axis  of  the  mem- 
ber. 

73.  Pin  holes  in  the  posts  shall  be  truly  parallel  with  one  another 
and  shall  be  at  right  angles  to  the  axis  of  the  post. 

74.  Pin  holes  shall  be  bored  with  a  sharp  tool  which  will  make  a 
clean,  smooth  cut.  Two  cuts  shall  always  be  taken,  the  finishing  cut 
never  to  be  more  than  -g  in.  Roughness  in  pin  holes  will  be  sufficient 
reason  for  rejecting  a  whole  member. 

75.  Measurements  shall  be  made  from  an  iron  standard  of  the  same 
temperature  as  the  member  measured. 

PUNCHED    AND    KEAMED    WOKK. 

76.  All  riveted  members  which  are  composed  entirely  of  Medium 
Steel  may  be  punched  and  reamed,  but  this  does  not  apply  to  the 
connections  between  such  members  and  High-Grade  Steel  members, 
which  connections  shall  be  solid  drilled  throughout. 

77.  All  plates,  angles  and  shapes  shall  be  carefully  straightened  at 
the  shops  before  they  are  laid  out.  Mill  straightening  a^iII  not  be 
held  to  meet  this  requirement. 

78.  The  rivet  holes  shall  be  marked  from  templets  and  these 
templets  shall  lie  flat  Avithout  distortion  when  the  marking  is  made. 

79.  The  angles  of  stringers  must  be  square  and  straight.  The  web 
plate  must  not  project  above  the  angles  and  the  top  surfaces  of  the 
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toiiauglea  must  bo  sufli  that  the  outside  edges  are  never  above  a  true 
])hxue  and  uever  more  than  i',,  in.  below  a  true  plane  coincident  with 
the  roots  of  the  angles. 

80.  The  oiitside  augle  at  the  root  of  the  angles  connecting  the 
stringers  with  the  floor  beams  or  the  floor  beams  with  the  posts,  chords 
or  other  members,  shall  never  be  less  than  a  right  angle,  and  the  excess 
over  a  right  angle  shall  never  be  greater  than  }  in.  in  the  longer  leg  of 
the  angle  ;  the  augle  .shall  be  perfectly  straight. 

81.  In  fitting  these  angles  to  stringers  or  floor  beams  thev  shall  be 
so  fitted  that  the  exact  length  is  measured  to  the  root  of  the  angle,  the 
two  roots  beiug  in  exactly  the  same  plane  ;  the  entire  end  of  the  as- 
sembled member  shall  then  be  faced.  The  effect  of  these  requirements 
will  be  to  prevent  auy  reduction  of  area  of  the  augle  at  the  root  by 
facing  and  to  secure  a  true  siirface  of  the  whole  width  of  the  connec- 
tion which  will  require  no  strain  in  the  rivets  to  draw  the  jjarts  to- 
gether. 

82.  After  laying  out  with  templets,  the  rivet  holes  may  be  punched 
with  a  punch  at  least  ^^r  in.  smaller  than  the  diameter  of  the  rivets  as 
given  on  the  plans,  and  working  in  a  die  only  ^^  in.  larger  than  the 
punch. 

83.  The  several  parts  of  the  member  shall  then  be  assembled  and 
the  holes  reamed  so  that  at  least  --tq  in.  of  metal  is  eveiywhere  taken 
out. 

84.  After  the  reaming  is  completed,  a  special  reamer  shall  be  run 
over  both  edges  of  every  hole  so  as  to  remove  the  sharja  edges  and 
make  a  fillet  of  at  least  -r«  in.  under  each  rivet  head. 

85.  The  pieces  shall  be  riveted  together  without  taking  apart. 

86.  All  requirements  as  to  size  and  quality  of  rivets  and  manner  of 
riveting  and  measuring  shall  be  the  same  as  the  requirements  for  solid 
drilled  riveted  work. 

87.  All  bearing  surfaces  shall  be  truly  faced. 

88.  All  sheared  edges  shall  be  planed  off  and  all  punched  holes 
shall  be  drilled  out  so  that  none  of  the  rough  surface  is  ever  left  upon 
the  work. 

FOEGED   WOKK. 

89.  The  heads  of  eye-bars  shall  be  formed  by  upsetting  and  forging 
into  shape  by  a  process  acceptable  to  the  Chief  Engiueer.  No  welds 
will  be  allowed. 

90.  After  the  working  is  completed,  the  bars  shall  be  annealed  in  a 
suitable  annealing  furnace  by  heating  them  to  an  uniform  dark  red  heat 
aad  allowing  them  to  cool  slowly. 

91.  The  form  of  the  heads  of  the  steel  eye-bars  may  be  modified  by 
the  contractors  to  suit  the  process  in  use  at  their  works,  but  the 
thickness  of  the  head  shall  not  be  more  than  n,  in.  greater  than  that 
of  the  body  of  the  bar,  and  the  heads  shall  be  of  sufficient  strength  to 
break  the  body  of  the  bar. 

92.  The  heads  and  the  enlarged  ends  for  screws  in  laterals,  sus- 
jjenders  and  counters  shall  be  formed  by  upsetting  and  shall  be  of 
sufficient  strength  to  break  the  body  of  the  bar. 

93.  Nuts,  swivels  and  clevises,  if  made  of  steel,  shall  be  forged 
without  welds  ;  whether  made  of  steel  or  wrought  iron,  oue  of  each 
size  shall  be  tested  and  be  of  sufficient  strength  to  break  the  bars  to 
which  they  are  attached. 

94.  Eye-bars  shall  be  bored  truly  and  at  exact  distances,  the  piu 


610      MORISON  ON  SUPERSTKUCTURE  OF  MEMPHIS  BRIDGE. 

holes  to  be  exactly  on  the  axis  of  the  bar,  and  at  exactly  right  angles 
to  the  plane  of  the  fiat  surfaces. 

95.  When  six  bars  of  the  same  billed  length  are  jnled  together,  the 
two  pins  shall  pass  through  both  pin  holes  at  the  same  time  without 
driving.     Every  bar  shall  be  tested  for  this  requirement. 

96.  Pin  holes  shall  be  bored  with  a  sharp  tool  that  will  make  a 
clean,  smooth  cut.  Two  cuts  shall  always  be  taken,  the  finishing  cut 
never  to  be  more  than  ^  in-  Roughness  in  pin  holes  will  be  sufficient 
reason  for  rejecting  bars. 

97.  Twenty  full-sized  steel  eye-bars  shall  be  selected  from  time  to 
time  from  the  bars  made  for  the  bridge  by  the  inspector  for  testing. 

98.  Xo  bars  known  to  be  defective  in  any  way  shall  be  taken  for 
test  bars,  but  the  bars  shall  be  selected  as  fair  average  specimens  of 
the  good  bars  which  would  be  accepted  for  the  work. 

5IACHINE-WOKK. 

99.  All  bearing  surfaces  shall  be  faced  truly. 

100.  Chord  sections  and  half-post  sections  shall  be  faced  after  they 
are  riveted  up  complete,  the  facing  to  be  perfectly  true  and  square.  In 
the  case  of  four  web  chords,  one  end  of  the  two  inside  webs  only  may 
be  faced  before  riveting  up. 

101.  The  ends  of  the  stringers  and  of  floor  beams  shall  be  squared 
in  a  facer. 

102.  All  surfaces,  so  designated  on  the  plans,  shall  be  j^laned. 

103.  All  sheared  edges  shall  be  x^laned  off,  and  all  punched  holes 
shall  be  drilled  or  reamed  out. 

104.  All  pins  shall  be  accurately  turned  to  a  gauge,  and  shall  lie  of 
full  size  throughout. 

105.  Pin  holes  shall  be  bored  to  fit  the  pins  with  a  play  not  exceed- 
ing SI,  in.  These  requirements  ajjply  to  lateral  connections  as  well  as 
to  any  other  j^ins. 

106.  The  plans  show  the  distances  between  centers  of  pin  holes. 
Shoj)  measurements,  hoivever,  shall  be  made  between  the  bearing  edges 
of  the  pin  holes,  that  is,  between  the  inside  edges  of  compression 
members  and  the  outside  edges  of  tension  members,  with  a  projier 
allowance  for  the  diameter  of  the  pin.  An  iron  standard  of  the  same 
temperature  as  the  piece  measured  shall  always  be  used. 

107.  All  screws  shall  have  a  truncated  V  thread,  United  States 
standard  sizes. 

108.  Sjjecial  pains  shall  be  taken  with  the  roller  bearings  on  Pier  II. 
The  castings  shall  be  accurately  fitted  together,  and  when  bolted  up 
the  top  surface  shall  be  a  jjerfectly  true  j^lane. 

109.  The  rail  plates  shall  be  planed  on  the  bottom  after  being 
riveted  up,  then  planed  on  the  top,  and  the  surface  polished.  Any 
roughness  or  irregularity  which  jjrevents  an  uniform  opening  between 
the  rail  heads  shall  be  planed  out. 

110.  The  rollers  shall  have  the  hollow  sides  planed,  and  the  bearing 
surfaces  turned  to  a  perfectly  true  cylinder  and  polished. 

111.  The  rods  passing  through  the  rollers  shall  fit  the  holes  with  a 
play  not  exceeding  ./^i  in. 

112.  The  side  bars  connecting  the  rods  shall  be  drilled  to  fit  the 
rods  with  a  play  not  exceeding  -p,  in. ,  and  the  upper  and  lower  surfaces 
of  these  side  bars  shall  be  j^laned. 

113.  The  lower  side  bar  in  each  instance  shall  be  fitted  with  a  gradu- 
ated bronze  scale,  so  divided  as  to  register  inches  of  motion  of  the  top 
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bearing,  aud  tho  ni)i)er  bui*  shall  be  fitted  with  a  German-silver  veruier, 
so  divided  as  to  read  to  sixteenths  of  inches  as  graduated  on  the  scale. 

114.  The  two  bearings,  including  everything  between  the  masonry 
and  the  li-iu.  i)in,  shall  be  set  up  complete  in  a  level  ijosition  at  the 
Athens  shops,  and  shall  not  be  shipped  before  they  have  been  examined 
and  approved  by  the  Chief  Engineer.  Tliey  shall  be  ready  for  his 
inspection  on  or  before  January  1st,  1891. 

115.  Sjjecial  pains  shall  be  taken  with  the  sliiJ  joints  at  the  s\is- 
pended  ends  of  the  intermediate  spans  ;  the  surface  of  the  joints  shall 
be  polished  and  fitted  exnctly. 

MISCELLANEOUS. 

116.  All  material  shall  be  cleaned,  and,  if  necessary,  scraped  and 
given  one  heavy  coat  of  Cleveland  ii-on-clad  paint,  purple  brand,  put  on 
with  boiled  linseed  oil,  before  shipment.  This  ajjplies  to  everything 
exce])t  machine-finished  surfaces. 

117.  The  same  paint  shall  be  used  wherever  jjainting  is  reqixired. 

118.  All  machine  surfaces  shall  be  cleaned,  oUed,  and  given  a  heavy 
coat  of  white  lead  and  tallow  before  shipment.  The  insjiector  must 
see  that  this  is  a  substantial  coat,  such  as  is  used  on  machinery,  and 
not  a  merely  nominal  covering. 

119.  Allsmall  bolts,  all  pins  less  than  6  in.  in  diameter,  the  exi^an- 
sion  rollers,  and  everything  with  sj^ecial  work  on  it,  shall  be  carefully 
boxed  before  shipment. 

120.  The  contractor  will  be  required  to  furnish  the  field  rivets  for 
erection,  furnishing  20  "^  in  excess  of  each  size  over  and  above  the 
number  actually  required,  but  this  excess  will  not  be  estimated,  but 
considered  as  taking  the  place  of  the  work  which  is  not  done  on  these 
rivets. 

v.— INSPECTION. 

121.  The  mill  inspection  shall  be  performed  at  the  expense  of  the 
contractor  by  an  inspector  accepted  by  the  Chief  Engineer. 

122.  This  inspector  will  be  required  to  furnish  the  certificates  and 
notices  in  the  manner  specified  above. 

123.  The  mill  inspector  shall  from  time  to  time  check  the  manu- 
facturers' analyses  by  analyses  made  by  an  independent  chemist. 

121.  The  acceptance  of"  material  by  such  inspector  will  not  be  con- 
sidered final,  but  the  right  is  reserved  to  reject  material  which  may 
prove  defective  or  objectionable  at  any  time  before  the  completion  of 
the  contract. 

125.  The  inspection  at  the  shops  will  be  under  the  charge  of  an 
inspector  appointed  by  the  Chief  Engineer,  with  such  assistants  as  may 
be  required. 

12'5.  Such  inspector  Avill  be  considered  at  all  times  the  representa- 
tive of  the  Chief  Engineer,  and  his  instructions  shall  be  followed  in  the 
same  manner  as  if  given  by  the  Chief  Engineer. 

TESTS   OF   FTXLL-SIZED   BARS. 

127.  The  test  of  full-sized  eye-bars  shall  be  made  in  the  large 
testing  machine  at  Athens. 

128.  These  liars  will  be  required  to  develop  an  average  stretch  of 
12",;,  aud  a  minimum  stretch  of  10,%',  before  breaking.  The  elonga- 
tion shall  be  measured  on  a  length  of  not  less  than  20  ft. ,  including  the 
fracture. 
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129.  The  bar  mil  be  required  to  break  in  the  body. 

130.  They  shall  also  show  an  elastic  limit  of  not  less  than  32  000 
lbs.,  and  an  ultimate  strength  of  not  less  than  62  000  lbs.,  as  indicated 
by  the  registering  gauges  of  the  testing  machine  at  Athens. 

131.  In  the  case  of  bars  too  long  for  the  machine,  the  bars  shall  be 
cut  in  two,  each  half  reheaded,  and  both  halves  tested  in  the  machine, 
the  two  tests,  however,  to  count  as  a  single  test  bar. 

132.  If  the  capacity  of  the  machine  (estimated  at  1  200  000  lbs.)  is 
reached  before  the  bar  is  broken,  the  bar  shall  be  taken  out  of  the 
machine  and  the  edges  shall  be  jjlaned  off  for  a  length  of  10  ft.  at  the 
center  until  the  section  is  reduced  to  the  equivalent  of  16  sq.  ins.  of 
section  of  the  original  bar.  The  bar  shall  then  be  placed  in  the 
machine  and  broken  ;  when  this  is  done,  the  elongation  shall  be  meas- 
ured on  a  length  of  8  ft.  and  an  ultimate  strength  of  60  000  lbs.,  com- 
jjuted  on  the  16  ins.  of  original  section  will  bo  considered  satisfactory. 

133.  In  these  tests,  a  failure  to  meet  the  required  elongation  will 
be  considered  fatal,  and  be  a  sufficient  cause  for  condemning  the  bars 
represented  by  the  bar  so  tested;  but  the  Chief  Engineer  shall  examine 
carefully  into  the  cause  of  the  breakage  of  any  bar  which  does  not 
meet  the  requircmeents,  and  may  order  additional  tests  if  he  sees  fit. 

134.  The  failure  of  a  bar  to  break  in  the  body  shall  not  be  consid- 
ered sufficient  reason  for  rejection,  provided  the  required  elongation  is 
obtained  and  not  more  than  one-quarter  of  the  bars  break  in  the  head. 

135.  In  all  requirements  and  tests  the  quantities  given  are  minimum 
or  maximum  requii'emeuts,  and  not  averages  unless  expressly  so 
stated. 

v.— TERMS. 

136.  The  work  will  be  paid  by  the  jjound  of  finished  work  loaded 
on  cars  at  Buffalo. 

137.  On  riveted  work  and  other  material  shipped  from  Athens,  the 
difference  between  the  freight  rates  from  Athens  to  Memjihis  and  from 
Buffalo  to  Memjjhis  will  l)e  borne  by  the  contractor. 

138.  No  material  will  be  jjaid  for  which  does  not  form  a  part  of  the 
finished  sujjerstructure. 

139.  All  exjienses  of  testing  shall  be  borne  by  the  contractor. 

140.  All  riveted  work  shall  be  manufactured  at  the  Athens  shop, 
unless  by  special  permission  of  the  Chief  Engineer. 

141.  Prices  will  be  per  pound  at  separate  rates  for  High-Grade  Steel 
and  for  Medium  Steel. 

142.  To  avoid  comj^lications,  all  members,  the  principal  parts  of 
which  are  High-Grade  Steel,  shall  be  estimated  as  wholly  of  High-Grade 
Steel,  and  all  members,  the  principal  parts  of  which  are  of  Medium  Steely 
shall  be  estimated  as  wholly  of  Medium  Steel. 

143.  Cast  Steel  shall  be  estimated  as  High-Grade  Steel. 

144.  Cast  and  wrought  iron  shall  be  estimated  at  the  same  price  as 
Medium  Steel. 

145.  The  anchorage  span,  the  east  cantilever  arm  and  one-half  the 
east  intermediate  sj^an  shall  be  completed  and  shij)ped  on  or  before 
October  1st,  1890. 

146.  The  deck  sjjan  shall  be  completed  and  shipj)ed  on  or  before 
December  1st,  1890. 

147.  The  central  sjjan  and  the  two  adjoining  cantilever  arms  shall  Ije 
shijjped  comjilete  on  or  before  June  1st,  1891. 

148.  The  west  intermediate  si)an  and  the  second  half  of  the  east  in- 
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termediato  si)an  shall  be  shipped  complete  on  or  before  August  1st, 
1S91. 

149.  Approximate  estimates  shall  be  made  at  the  end  of  each  month 
of  the  material  received  and  work  performed  up  to  that  time. 

150.  In  these  estimates  material  received  at  the  shoi)s,  but  not 
manufactured,  shall  be  estimated  at  65%  of  the  contract  price  for 
finished  material. 

151.  Material  manufactured,  but  not  shipped,  shall  be  estimated  at 
85  "y  of  the  contract  price. 

152.  Material  completed  and  shipped  shall  be  estimated  at  the  full 
contract  price. 

153.  Payments  shall  be  made  on  these  estimates  on  or  about  the 
middle  of  the  following  month,  dedvicting  therefrom  WJq,  which  shall 
be  held  as  security  until  the  completion  of  the  entire  contract. 

154.  In  these  monthly  estimates  no  material  will  be  estimated  as 
received  at  the  shoj?  more  than  six  months  before  the  date  set  for  the 
•completion  and  shipment  of  such  material. 

155.  In  these  monthly  estimates  no  material  will  be  estimated  as 
maniifactui'cd  more  than  four  months  before  the  date  set  for  the  com- 
23letion  and  shipment  of  such  material. 

156.  The  contractors  will  be  rec[uired  to  keeji  the  material  at  their 
shops  insured  from  injury  by  fire  to  the  full  amount  of  the  payments 
made  on  such  material  by  the  Bridge  Company. 

VI.— ERECTION. 

157.  The  contractor  will  be  exjjected  to  receive  all  material  as  it  ar- 
rives on  the  cars,  to  unload  this  material  and  store  it  in  a  material  yard 
lantil  ready  for  erection. 

158.  He  will  be  held  responsible  for  the  custody  and  care  of  all 
superstructure  material  after  its  arrival. 

159.  The  material  of  the  main  continuous  superstructure  will  be 
delivered  on  ears  on  the  east  side  of  the  river. 

160.  When  ready  for  erection,  the  Bridge  Comjjany  will  switch  any 
cars  on  which  this  material  has  been  loaded,  to  a  point  where  it  can  be 
transferred  to  barges,  no  charge  being  made  for  siich  switching. 

161.  All  material  for  the  deck  span  at  the  west  end  will  be  delivered 
on  cars  on  the  west  side  of  the  river. 

162.  A  track  will  be  laid  to  a  convenient  position  for  unloading 
material  near  Pier  V,  and  no  switching  will  be  done  after  the  material 
has  once  been  unloaded. 

163.  The  contractor  will  be  required  to  keep  all  the  material  in  good 
condition,  and  in  case  of  its  becoming  dirty  or  rusty  will  be  expected 
to  clean  it  befoi-e  erecting. 

164.  The  contractor  will  be  required  to  paint  all  surfaces  which  will 
be  inaccessible  for  painting  after  erection,  the  paint  being  furnished 
by  the  Bridge  Company. 

165.  The  contractor  will  be  requii-ed  to  furnish  all  tools,  barges  and 
false-work  of  every  descrijjtion,  excepting  jiower  riveters. 

166.  The  contractor  will  be  required  to  remove  all  work  which  he 
may  put  in  the  river  so  that  there  will  be  nothing  left  either  to  inter- 
fere with  navigation  or  to  catch  drift. 

167.  No  holes  shall  be  drilled  or  bolts  placed  in  the  piers  without 
the  express  permission  of  the  Engineer. 

168.  All  bolts  so  put  in  shall  be  removed  and  the  holes  carefully 
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filled  ■with  Portland  cement  mortar,  and  any  damages  done  shall  be 
charged  to  the  contractor. 

169.  The  contractor  will  he  required  to  erect  the  superstructure 
complete  in  every  respect,  including  riveting. 

170.  Everything  is  to  be  completed  ready  to  receive  the  timber  floor. 

171.  The  erection  shall  include  the  placing  and  riveting  of  the  iron 
hand  rail. 

172.  The  contractor  will  be  expected  to  raise  the  ties  for  the  central 
span  and  the  adjoining  cantilever  arms,  and  distribute  them  without 
charge.  This  does  not  include  any  framing,  fitting  or  bolting.  The 
ties  will  be  delivered  to  the  contractor  loaded  on  barges. 

173. .  The  central  span  will  be  raised  on  false-work. 

174.  The  west  intermediate  span  will  be  raised  on  false-work. 

175.  The  east  intermediate  span  may  be  raised  on  false-work,  or 
without,  at  the  option  of  the  contractor. 

176.  The  anchorage  arm  east  of  Pier  I  will  be  raised  on  false-work. 

177.  The  three  jirojecting  cantilever  arms  will  be  built  out  without 
false-work. 

178.  It  is  expected  that  the  anchorage  arm  and  the  cantilever  arm 
projecting  from  Pier  I  can  be  raised  in  the  fall  of  1890.  That  the  deck 
span  at  the  west  end  can  be  raised  in  the  following  winter.  That  the 
false  work  for  the  central  span  can  be  put  in  in  August  and  September 
of  1891,  and  the  erection  of  this  span  comjDleted  in  the  following 
month.  That  the  cantilevers  can  be  built  out  and  the  entire  bridge 
completed  by  January  1st,  1892. 

179.  All  erection  shall  be  done  under  the  direction  of  the  Chief 
Engineer  and  in  conformity  with  his  requirements. 

180.  The  wall  plate  castings  shall  be  set  on  Piers  II  and  III  before 
the  bottom  chord  is  placed. 

181.  The  expansion  rollers  and  the  bolster  complete  shall  be  set  on 
Pier  m.  The  bottom  chords  shall  then  be  put  together  and  riveted  up 
complete.  The  expansion  end  shall  then  be  adjusted  so  that  the  axis 
of  the  rollers  will  be  exactly  vertical  at  a  temj^erature  of  70  Fahr. 
This  adjustment  shall  be  made  at  a  time  when  there  has  been  no  sun 
on  the  steelwork  for  10  continuous  hours,  and  when  there  has  been  no 
sudden  change  of  temperature.  The  s^jan  shall  be  erected  complete 
and  the  end  rollers  shall  be  examined  again,  and  if  any  error  is  found, 
it  shall  be  corrected,  the  correction  being  made  under  the  same  con- 
ditions as  to  sunshine  and  sudden  changes  of  temperature  as  the 
original  adjustment.  Sjiecial  care  shall  be  taken  with  the  rollers  while 
the  sjjan  is  being  swung,  and  if  by  any  accident  they  get  out  of  place, 
the  span  shall  be  wedged  again,  and  the  rollers  be  readjusted. 

182.  The  eye-bars  in  the  end  panel  of  the  top  chord  shall  be  stiff- 
ened so  as  to  resist  compression  by  fitting  planks  between  the  bars  and 
bolting  the  whole  together. 

183.  When  the  erection  of  the  central  span  is  completed,  the  two 
cantilever  arms  shall  be  built  out,  and  the  two  intermediate  sj^ans 
erected,  thus  comjileting  the  bridge. 

184.  All  rivets  shall  be  regular  in  shape  with  hemispherical  heads 
concentric  with  the  axis  and  absolutely  tight.  Tightening  by  calking 
or  recupping  will  not  be  allowed. 

185.  All  riveted  joints  Avhich  have  to  resist  tension,  this  including 
all  joints  in  both  chords  of  the  central  span  and  all  joints  in  the  bottom 
chord  of  the  intermediate  spans  shall  be  riveted  by  j^ower,  except  in 
such  special  cases  as  the  engineer  may  authorize  hand-driven  rivets. 
This  authority  will  never  be  given  for  rivets  in  splices  of  web-plates. 
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180.  A  i>owor  rivetor,  with  air  i)niup  or  witli  hydraulic  piimp  and 
acoumuhitor  Avill  be  turnishecl  \>y  tlio  Bridge  Company.  The  cjontractor 
will  be  retpiired  to  keep  the  saiiie  iu  repair  and  will  not  be  relieved 
from  any  resi)ousibility  iu  this  connection,  the  Bridge  Company  only 
agreeing  to  bear  the  cost  of  the  mac^iine. 

187.  No  extra  bills  are  to  be  rendered  by  the  contractor,  except  for 
new  work  not  embraced  iu  the  contract.  Charges  for  reaming  holes, 
fitting  bolts  in  place  of  rivets  and  other  small  work  of  this  class  will 
not  be  allowed. 

188.  The  setting  of  the  wall  plate  castings,  including  the  drilling  of 
holes  in  masonry  for  the  anchor  bolts,  the  packing  of  rust  cement  or 
lead  under  the  castings,  and  all  other  work  connected  therewith,  is  to 
be  done  by  the  contractor. 

189.  The  contractor  will  be  responsible  for  any  damages  which  the 
Bridge  Company  may  be  held  liable  for  in  consequence  of  any  of  his 
work. 

Geokge  S.  Morison, 

Chief  Engineer. 
January  ixH,  1890. 


Modifications  of  Specifications  for  Superstructure  op  Bridge  across 

THE  Mississippi  River,  at  Memphis,  Tenn.,  Accepted 

April  22d,  1890. 


10.  Steel  will  be  divided  into  three  classes :  first,  High-Grade  Steel, 
which  shall  be  used  in  all  the  j)rincipal  truss  members ;  second,  Medium 
Steel,  which  shall  be  used  in  the  floor  system,  latei'als,  portals,  trans- 
verse bracing  and  the  lacing  of  the  truss  members;  third,  Soft  Steel, 
which  shall  be  used  only  for  rivets  and  at  the  oj^tion  of  the  contractor 
where  wrought  iron  is  permitted. 

11.  The  bolsters  which  carry  the  large  pin  bearings  on  Piers  I,  II 
and  III  shall  be  of  Cast  Steel. 

12.  In  any  case  where  it  seems  doubtful  what  quality  of  steel  is  re- 
quired, High-Grade  Steel  shall  be  used. 

13.  Steel  shall  be  made  by  the  open-hearth  process,  but  no  steel 
shall  be  made  at  works  which  have  not  been  in  successful  operation  for 
at  least  one  year. 

14.  All  steel  shall  be  made  from  uniform  stock  low  in  jihosphorus, 
and  the  manufacturer  shall  furnish  reports  of  the  analysis  of  every  melt, 
certified  by  a  chemist  satisfactory  to  the  chief  engineer. 

15.  In  the  finished  product  of  acid  open-hearth  steel  the  amount  of 
phosphoi'us  shall  not  average  more  than  xtriT  of  1%,  and  never  exceed 
iV  of  1  per  cent. 

16.  In  the  finished  product  of  basic  open-hearth  steel,  the  amount 
of  phosphorus  shall  not  average  more  than  y%  of  I'V,  and  never  ex- 
ceed T^u  of  1  per  cent. 

17.  A  sample  bar  |  in.  in  diameter  shall  be  rolled  from  a  4-in.  ingot 
cast  from  every  melt.  The  first  laboratory  test  shall  be  made  on  this 
samjsle  bar  in  its  natural  state  without  annealing. 

18.  A  second  sample  bar  having  a  cross-section  of  1  sq.  in.  shall  be 
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cut  from  the  finished  jarocliict  of  every  melt.     The  second  laboratory 
test  shall  be  made  on  this  sample  bar  in  its  natural  state  without  anneal- 

19.  In  the  laboratory  tests  all  observations  as  to  elastic  limit,  ulti- 
mate strength,  elongation  and  reduction  shall  be  made  on  a  length  of 
S  inches. 

20.  A  piece  of  each  sample  bar  shall  be  bent  180-,  and  closed  up 
against  itself  without  showing  any  crack  or  flaw  on  the  outside  of  the 
bent  portion.  Two  successful  tests  out  of  a  total  of  three  will  be  ac- 
ceptcd  as  satisfactory. 

21.  The  first  laboratory  test  shall  meet  the  following  requirements : 


■Minimum  Ultimate  Stren<»th,  lbs.  per  sq.  in 

Minimum  Elastic  Limit,  lb-,  per  sq.  in 

Miuimum  percentage  of  Elougatiou  iu  8  ins.. .. 
Minimum  percentage  of  Kedaction  at  Fiacture 


High-G  ra  d  e 
aud  Medium 
Steel. 


65  000 

38  000 

20 

40 


Soft  Steel. 


57  000 

32  000 

28 

50 


22.  The  second  laboratory  test  shall  meet  the  following  require- 
ments : 


High-Grade 
Steel. 


Medium 

Steel. 


Soft  Steel. 


Maximum  Ultimate  Strength,  lbs.  per  eq.  in... 

Minimum  Ultimate  Strength,  lbs.  per  sq.  in 

Minimum  Elastic  Limit,  lbs.  per  sq.  in 

Minimum  percentage  of  Elongation  in  Hins.. 
Minimum  percentage  of  Reduction  at  Fracture 


78  500 

69  000 

40  000 

18 

38 


72  500 

64  000 

37  000 

22 

44 


63  000 

65  000 

30  000 

28 

50 


23.  If  the  ultimate  strength  comes  within  500  lbs.  of  the  maximum 
or  minimum  limit,  a  second  test  will  be  made,  and  both  tests  will  be 
required  to  come  within  the  limits. 

24.  Every  melt  which  does  not  conform  with  these  requirements 
shall  be  rejected.  Cases  in  which  the  tests  are  thought  not  to  give  fair 
representations  of  the  character  of  the  material  shall  he  referred  to  the 
Chief  Engineer. 

2.5.  A  full  report  of  the  laboratory  tests  shall  be  furnished,  certified 
by  an  inspector  accepted  by  the  Chief  Engineer. 

26.  The  broken  and  bent  specimens  shall  be  preserved  subject  to  the 
orders  of  the  Chief  Engineer. 

27.  Three  notices  of  the  accejjtance  of  each  melt  shall  be  mailed  on 
the  day  of  such  acceptance,  stating  the  number  of  the  accejited  melt 
and  quality  of  steel.  Two  of  these  notices  shall  be  sent  to  the  Chief 
Engineer  at  his  Chicago  and  New  York  offices  respectively,  and  one  to  the 
shop  inspector  at  the  works. 

28.  Analyses  shall  be  made  by  the  manufacturer  of  every  melt,  show- 
ing amount  of  j^hosphorus,  carbon,  silicon  and  manganese  and  certified 
copies  of  these  analyses  shall  be  furnished  to  the  mill  inspector  who 
will  forward  them  to  the  Chief  Engineer.     The  jihos^jhorus  and  carbon 
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analyses  shall  always  be  made.  Analyses  for  silicon  and  manganese 
shall  bo  made  whenever  called  for  by  the  inspector.  Copies  of  all  analy- 
ses, whether  made  by  request  of  the  inspector  or  by  the  desire  of  the 
maniifacturer,  shall  be  furnished  to  the  Chief  Engineer. 

29:  Weekly  reports  in  full  detail,  including  reports  of  chemical 
analyses,  shall  be  sent  to  the  Chief  Engineer  at  his  Chicago  oflBce  not 
later  than  the  end  of  the  week  succeeding  the  week  in  which  such  tests 
are  made. 

30.  Three  notices  of  the  shipment  of  manufactured  material,  identi- 
fying the  melts  and  dimensions,  shall  be  mailed  on  the  day  after  such 
shipments  are  made,  in  the  same  manner  as  the  notices  of  acceptance  of 
material. 

31.  Every  finished  jiiece  of  steel  shall  be  stamped  on  one  side  near 
the  middle  of  the  bar,  and  also  on  both  ends  of  the  bar,  with  a  number 
identifying  the  melt.  If  it  is  found  impossible  to  stamp  any  i:iarticular 
piece  on  the  ends,  the  inspector  may  authorize  the  two  end  stamps  to 
l)e  put  on  the  surface  within  ^  in.  of  each  end.  the  fact  of  the  stamiDing 
being  done  in  this  way  to  be  specified  distinctly  on  all  notices  and  in- 
voices; this  may  be  done,  however,  by  an  agreed  character. 

32.  The  finished  product  shall  be  perfect  in  all  parts  and  free  from 
irregularities  and  surface  imperfections  of  all  kinds. 

33.  The  cross-sections  shall  never  differ  more  than  2%  from  the 
ordered  cross-sections  as  shown  by  the  dimensions  on  the  plans. 

34.  All  sheared  edges  shall  be  planed  off  so  that  no  rough  or  sheared 
surface  shall  ever  be  left  on  the  metal. 

35.  Steel  for  pins  shall  be  sound  and  entirely  free  from  piping.  All 
jiins  in  the  main  trusses  shall  be  annealed  before  they  are  turned  and 
shall  be  drilled  through  the  axes. 

George  S.  Morison, 

Chief  Engineer. 
Max  6th,  1890. 


MODEFICATIONS  OF  SPECIFICATIONS  FOR  SuPERSTEUCTIJRE  OF  BkIDGE  ACROSS 

THE  Mississippi  Ktver  at  Memphis,  Tenn.  ,  Accepted 
December  29th,  1890. 


10.  Steel  will  be  divided  into  four  classes:  first,  High-Grade  Steel, 
which  shall  be  used  in  all  the  princij^al  truss  members  except  eye-bars; 
second,  Eye-Bar  Steel,  which  shall  be  used  only  in  eye-bars;  third, 
Medium  Steel,  which  shall  be  used  in  the  floor  system,  laterals,  portals, 
transverse  bracing  and  lacing  of  the  truss  members;  fourth.  Soft  Steel, 
which  shall  be  used  only  for  rivets,  and  at  the  option  of  the  contractor 
where  wrought  iron  is  j^ermitted. 

11.  The  bolsters  which  carry  the  large  pin  beaiings  on  Piers  I,  II 
and  in  shall  be  of  cast  steel. 

12.  In  any  case  where  it  seems  doubtful  what  quality  of  steel  is  re- 
quired, High-Grade  Steel  shall  be  used. 

13.  Steel  shall  be  made  by  the  open-hearth  process,  but  no  steel 
shall  be  made  at  works  which  have  not  been  in  successful  operation  for 
at  least  one  year. 

14.  All  steel  shall  be  made  from  uniform  stock  low  in  phosphorus^ 
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and  t"he  manufacturer  shall  fuTnishi  reports  of  the  analysis  of  every  melt, 
certified  by  a  chemist  satisfactory  to  the  Chief  Engineer. 

15.  In  the  finished  jjroduct  of  acid  open-hearth  steel  the  amount  of 
phosphorus  shall  not  average  more  than  tS-o  of  1%,  and  never  exceed  ii, 
of  1  per  cent. 

16.  In  the  finished  product  of  basic  open-hearth  steel  the  amount  of 
phosiihorus  shall  not  average  more  than  y^o  of  1%,  and  never  exceed 
Yfo  of  1  per  cent. 

17.  A  sample  bar  J  in.  in  diameter  shall  be  rolled  from  a  4-in.  ingot 
cast  from  every  melt.  A  laboratory  test  shall  be  made  on  this  sample 
bar  in  its  natural  state  without  annealing,  but  this  test  may  be  made 
subsequent  to  the  acceptance  of  the  material,  and  shall  be  for  record 
only. 

18.  A  second  sample  bar  having  a  cross-section  of  1  sq.  in.  shall  be 
cut  from  the  finished  product  of  every  melt.  The  second  laboratory 
test  shall  be  made  on  this  sample  bar  in  its  natural  state  without  an- 
nealing. 

19.  In  the  laboratory  tests  all  observations  as  to  elastic  limit,  ulti- 
mate strength,  elongation  and  reduction  shall  be  made  on  a  length  of 
8  inches. 

20.  A  piece  of  each  sample  bar  shall  be  bent  180-,  and  closed  up 
against  itself  without  showing  any  crack  or  flaw  on  the  outside  of  the 
bent  portion.  Two  successful  tests  out  of  a  total  of  three  will  be 
accepted  as  satisfactory. 

21.  The  first  laboratory  test  shall  meet  the  following  requirements: 


High  -  Grade, 
Eye-Bar  and 
Medium 
Steel. 


Minimum  XJltimate  Strength,  lbs.  per  sq.  in 65  000 

Minimum  Elastic  Limit,  lbs.  per  sq.  in |  38  000 

Minimum  percentage  of  Elongation  in  8  ins I  20 

Minimum  percentage  of  Reductiou  at  Fracture 40 


Soft  Steel. 


57  TOO 

32  000 

28 

50 


22.  The  second  laboratory  test  shall  meet  the  following  require- 
ments : 


High-Grade 
Sleel. 

Eye-Bar 

Steel. 

Medium 
Steel. 

Soft  Steel. 

Maximum  Ultimate  Strength,  lbs.  per  sq.  in.. . 
Minimum  Ultimate  Strength,  lbs.  per  sq.in... 

78  500 

69  000 

40  000 

18 

38 

75  000 

66  000 

38  000 

20 

40 

72  500 

64O0O 

37  000 

22 

44 

63  000 

56  000 
30  000 

Minimum  percentage  of  Elongation  in  8  ins 

Minimum  percentage  of  Reduction  at  Fracture. 

28 
50 

23.  If  the  ultimate  strength  comes  within  500  lbs.  of  the  maximum 
or  minimum  limit,  a  second  test  will  be  made,  and  both  tests  will  be 
required  to  come  within  the  limits. 

24.  Every  melt  which  does  not  conform  with  these  requirements 
shall  be  rejected.  Cases  in  which  the  tests  are  thought  not  to  give  fair 
representations  of  the  character  of  the  material  shall  be  referred  to  the 
Chief  Engineer. 
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Tests  of  Steel  Eye-Babs. 
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2").  A  full  report  of  the  laboratory  tests  shall  be  furnished,  certifieJ 
l>y  an  iuspei-tor,  aocepteil  by  the  Chief  Enfi;ineer. 

2t).  The  broken  ami  l)ent  specimens  shall  be  preserved  subject  to  the 
unkrs  of  the  Chief  Engineer. 

27.  Notices  shall  bo  sent  in  duplicate  to  the  Chief  Engineer  at  his 
ChiiHigo  office,  and  to  tlio  shop  inspector  at  the  works. 

28.  Analyses  shall  bo  made  by  the  manufacturer  of  every  melt, 
showing  amount  of  phosphcrus,  carbon,  silicon  and  manganese,  and 
certitietl  copies  of  these  analyses  shall  be  furnished  to  the  mill  iusijoc- 
tor,  who  will  forward  them  to  the  Chief  Engineer.  The  phosphorus  and 
carbon  analyses  shall  always  be  made.  Analyses  for  silicon  and  manga- 
nese shall  be  made  wlieuever  called  for  by  the  inspector.  Copies  of  all 
analyses,  whether  matle  by  the  recpiestof  the  inspector  or  by  the  desire 
of  tlio  manufacturer,  shall  be  fui-nished  to  the  Chief  Engineer. 

29.  Duplicate  rejjorta  in  full  detail,  including  reports  of  chemical 
analyses,  shall  be  sent  to  the  Chief  Engineer  at  liis  Chicago  office,  and 
also  to  the  shop  insi)ector  at  the  works,  not  later  than  the  day  on  which 
the  accepted  material  is  shipped. 

30.  Two  notices  of  shipment  of  manufactured  material,  identifying 
the  melts  and  dimensions,  shall  be  mailed  on  the  day  after  such  ship- 
ments are  made,  one  to  be  sent  to  the  Chief  Engineer  at  his  Chicago 
office,  and  one  to  the  shop  inspector  at  the  works. 

31.  Every  finished  jilate,  bar  or  angle  shall  be  stamped  on  one  side 
near  the  middle  with  a  number  identifying  the  melt,  and  thi^  stan.^) 
shall  be  surrounded  by  a  heavy  circle  of  white  paint.  Steel  for  pins 
shall  have  the  melt  numbers  stamped  on  the  ends.  Rivet  and  lacing 
steel  and  small  pieces  for  pin  plates  and  stiffeners  may  be  shipped  in 
bundles  securely  wired  together  with  the  melt  number  on  a  metal  tag 
attached. 

32.  The  finished  product  shall  be  perfect  in  all  parts  and  free  from 
irregularities  and  surface  imperfections  of  all  kinds. 

33.  The  cross-section  shall  never  differ  more  than  2%'  from  the 
ordered  cross-sections  as  shown  by  the  dimensions  on  the  plans. 

34.  All  sheared  edges  shall  be  planed  oft'  so  that  no  rough  or  sheared 
surface  shall  ever  be  left  on  the  metal. 

35.  Steel  for  pins  more  than  4  ins.  in  diameter  shall  be  hammered 
steel,  and  tests  shall  be  made  on  this  steel  in  accordance  with  the 
requirements  of  Section  22.  In  such  tests  an  elongation  of  IS^o',  and 
a  reduction  of  area  of  30%',  given  in  each  of  two  test  bars  tested  sepa- 
rately, will  be  accepted  as  satisfactory,  provided  the  character  of  the 
fracture  is  satisfactory.  The  bending  test  required  in  Section  20  shall 
be  made  on  pin  steel,  but  pin  steel  will  not  be  rejected,  provided  the 
bar  will  bend  around  a  circle  of  a  diameter  equal  to  twice  the  thickness 
of  the  bar  without  cracking.  Steel  for  pins  shall  be  sound  and  entirely 
free  from  piping.  All  pins  in  the  main  trusses  shall  be  annealed  before 
they  are  turned,  and  shall  be  drilled  through  the  axes. 

Geokge  S.  Morison, 

Chief  Enginee): 

J.A.NUAi!Y   1st,    1891. 
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BRIDGE   SUBSTRUCTURE   AND  FOUNDATIONS  IN 
NOVA  SCOTIA. 


By  Majktin  Mukpht,  D.  Sc,  C.  E.  ;  M.  Can.  Soc.  C.  E. ;  Pres.  N.  S.  Inst. 
Sc. ;  Provincial  Government  Engineer,  Nova  Scotia. 


Prepared  for  the  International  Enarineering'  Congress  of  the 
•  Colnmbiau  Exposition,  1893. 


The  subject  of  adopting  concrete  as  a  substitute  for  masonry  in 
bridge  work  has  approached  such  magnitude  that  the  author  cannot 
but  be  diffident  of  his  power  to  treat  it  satisfactorily  within  the 
ordinary  limits  of  a  paper  of  this  kind.  After  a  few  preliminary  ob- 
servations, he  will  confine  his  remarks  to  a  notice  of  the  employment 
of  Portland  cement  concrete  as  a  building  material  in  works  coming 
directly  within  the  scope  of  his  own  supervision  in  the  Province  of 
Nova  Scotia  for  the  past  10  years,  and  to  what  may  be  considered 
cheap  and  eflfective  methods  for  finding  or  providing  foundations  for 
such  structures  when  under  water. 

XoTE. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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All  that  si'ifuco,  skill  autl  t'xperieui-o  van,  with  tho  progress  of  time, 
1)0  expected  to  achieve  in  desiguing  aud  erecting  metallic  structures 
to  convey  railways  aud  public  highways  over  every  channel,  passage 
aud  avenue  encountered,  is  being  eflfected.  Yet  it  is  no  less  obvious 
that  the  same  degree  of  attention  is  not  being  bestowed  ou  the  sub- 
structure. Aiid  although  the  iron  or  steel  superstructure  may  demand 
more  careful  thought  and  more  practical  application,  the  substructure 
is  no  less  important  to  consider,  as  it  is  au  ever-varying  quantity,  just 
as  the  heterogeneous  texture  or  uniformity  of  the  ground  may  hai)peu 
to  vary,  or  as  the  nature  or  stability  of  the  foundation-bed  may  prove 
sufficiently  solid  to  sujjport  the  load  it  has  to  sustain. 

Safety,  durability  and  economy,  coupled  with  uniformity  of  design, 
characterize  the  typical  American  bridge,  viaduct  or  roof.  The  cost 
of  any  sj^an  will  chiefly  depend  on  its  dimensions  and  weight  and  the 
place  or  position  in  which  it  is  to  be  erected  ;  competition  has  so 
equalized  and  reduced  the  cost  to  a  minimum  that  a  reliable  estimate 
is  easily  obtainable  when  these  conditions  are  understood  and  sijecified. 
Not  so  with  regard  to  the  economy  of  the  substructure.  It  too  fre- 
quently happens  that  less  skill  is  employed,  and  hence  more  waste 
takes  place.  The  foundations  of  piers  and  abutments  are  too  often 
treated  as  if  fully  determinate  without  due  examination  ;  suitable 
materials  within  easy  distance  are  occasionally  ignored  to  follow  some 
rigid  rule  or  order  of  construction,  when  their  employment  in  other 
forms  might  be  made  to  fulfill  all  the  conditions  necessary  for  the 
erection  of  rigid,  reliable  and  permanent  supports. 

The  convenience  of  obtaining  a  firm  and  reliable  base  by  the 
foi'mation  of  a  solid  mass  of  concrete  and  the  facility  with  which  it  is 
made  have  led  to  its  almost  universal  adoption,  and  its  expediency  as 
a  substitute  for  stone  above  ground  has  been  much  discussed.  Until 
recently,  there  were  but  few  good  examples  of  concrete  that  could 
eqiTal  in  value  natux-al  stone  of  the  commonest  kind.  It  is  now  very 
different,  for  the  daily  increasing  knowledge  which  regulates  its  manu- 
facture has  reached  a  degree  of  excellence  hitherto  considered  unat- 
tainable. 

In  1883  concrete  was  first  used  by  the  author  as  a  substitute  for 
masonry  in  the  construction  of  highway  bridges  in  Nova  Scotia,  at  first 
sparingly  and  with  hesitation;  but  of  late  it  has  been  used  largely  and 
with  much  confidence.     Its  use  for  the  support  of  the  superstructure 
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of  iron  bridges  was  prompted  by  necessity,  because  of  tlie  scarcity  of 
materials  suitable  for  ashlar  masonry,  the  cost  of  transportation,  the 
lack  of  skilled  workmen,  and  the  rapidity  with  which  concrete  struct- 
ures could  be  erected  with  ordinary  labor.  It  was  not  expected  that 
this  use  of  concrete  would  receive  favorable  jjublic  consideration  and 
it  did  not.  It  was  treated  by  the  press  and  by  the  i^ublic  as  an  exjien- 
sive  innovation. 

It  was  alleged  that  in  the  climate  of  Nova  Scotia  it  was  an  imi>rac- 
ticable  intrusion  and  would  not  suit  its  intended  purjiose  ;  and 
although  it  could  not  be  said  to  be  a  mere  experiment,  because  it  had 
been  used  so  largely  abroad,  still  it  was  generally  commented  upon 
with  disfavor.  Nevertheless,  concrete  piers  have  been  erected  in  the 
most  exposed  positions,  in  the  midst  of  strong  currents,  Avithout  any 
external  protection,  where  they  are  exposed  to  heavy  ice  floes,  to 
blows  from  timber  rafts  and  in  many  instances  to  undermining  by 
scour,  with  very  favorable  results.  The  climate  of  Nova  Scotia,  al- 
though not  characterized  by  as  wide  a  range  of  temperature  as  that  of 
Quebec  and  Ontario,  is  more  severe  in  its  effects  on  masonry  and  con- 
crete, owing  to  more  rapid  and  frequent  changes  in  meteorological  condi- 
tions. In  this  fitful  climate,  we  have  a  range  of  from  15  '  below  to  QO-* 
above  zero  Fahr. ;  but  such  alternations  have,  so  far,  produced  no 
visible  damaging  effect;  violent  blows  strike  more  impotently  upon 
concrete  than  ujion  masonry,  and  it  is  not  so  liable  to  fragmentary 
slips  or  segregations  because  of  its  monolithic  character. 

In  a  paper  read  by  the  author  before  the  Canadian  Society  of  Civil 
Engineers  in  February,  1888,  on  "  Concrete  as  a  Substitute  for  Masonry 
in  Bridge  Work,"  and  in  the  observations  made  thereon,  the  subject 
was  fully  discussed  by  him  and  by  other  members  of  the  society,  some 
of  whom  were  personally  acquainted  with  the  work  during  the  pro- 
gress of  construction  as  well  as  with  its  subsequent  behavior.  It  is 
not  the  purpose  of  the  author  to  repeat  that  discussion  here;  he  may, 
however,  be  permitted  to  refer  to  it  and  to  offer  some  supplementary 
remarks  on  the  results  of  five  years'  further  experience  and  on  the 
manner  in  which  concrete  work,  above  ground,  then  introduced  to  the 
notice  of  the  Canadian  Society,  is  standing  the  test  of  time. 

There  have  been  147  highway  bridges  of  metal  superstructure,  rest- 
ing upon  abutments  and  jjiers  of  concrete,  built  in  Nova  Scotia  within 
the  last  10  vears.     Foi-tv-four  of  these  have  been  in  existence  for  a 
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l)erioil  of  tiw  years;  some  of  them  withiu  the  iufiueuce  of  the  augmeuted 
mid  turbuleut  tides  of  the  Bay  of  Fuudy,  most  of  them  exijosed  to 
heavy  drift  iee  and  all  of  them  to  the  extremes  of  climatie  exposure, 
yet  biit  oue  failure  can  be  recorded,  and  that  is,  no  doubt,  owing  to 
careless  workmanship.  The  introduction  of  concrete  as  a  siibstituto 
for  masonry  above  the  surface  in  Nova  Scotia,  has  been  attended  with 
such  results  that  its  employment  is  being  extended  and  adojjted  for  thi' 
renewal  of  piers  of  railway  bridges,  piers  that  have  been  so  abraded 
and  displaced  by  clumps  of  moving  ice  that  renewal  in  the  interests  of 
safety  became  imperative.  There  are  two  150-ft.  iron  spans  carrying 
the  trains  of  the  Windsor  and  Annapolis  Railway  over  the  Gaspereaux 
Eiver,  resting  upon  abutments  and  piers  of  concrete,  recently  erected. 
The  piers  of  the  Avon  Bridge,  on  the  same  line  of  railway,  have  been 
■encased  by  a  matrix  of  concrete,  to  jjreserve  the  ashlar  masonry  from 
total  destruction.  This  bridge  w^as  supported  by  eight  piers  and  two 
abutments  of  freestone;  it  consists  of  nine  spans  of  iron  lattice  truss, 
six  of  which  are  160  ft.  each,  the  other  three  being  smaller.  Neap 
tides  rise  about  24  ft.,  springs  4  or  5  ft.  higher.  The  bridge  was 
erected  in  1879  and  had  for  10  years  been  a  source  of  annoyance  and 
-expense  to  the  railway  company.  The  water  penetrated  the  body  of 
the  masonry  during  high  tide,  and  not  being  able  to  escape  as  fast  as 
the  tide  receded,  the  severe  frost  operating  uj^on  it,  through  thaw  and 
frost  and  frost  and  thaw,  lent  at  every  successive  reflux  its  expansive 
influence  to  the  tottering  face  stones,  forcing  them  outwards  little  by 
little,  until  the  whole  mass  became  so  unstable  as  to  necessitate  im- 
mediate ren^ewal.  An  envelope  of  concrete  within  a  timber  framework 
proved  a  cheap  and  efl'ective  remedy;  it  has  for  the  last  four  years 
■withstood  all  such  recurrent  vicissitudes,  and  its  ijresent  appearance 
give  assurance  of  future  jjermanency. 

The  adoption  of  the  various  building  materials  which  Nature  af- 
fords for  the  purposes  of  construction  requires  both  practical  and  tech- 
nical knowledge.  When  stone  of  a  suitable  nature  for  building  can 
be  had  within  reasonable  distance  or  at  moderate  cost,  we  still  prefer 
it;  l)ut  where  such  conditions  are  absent  we  may  be  justified  in 
coi^ymg  Nature  in  rock-making  and  substituting  manufactured  mono- 
liths in  its  stead.  Concretes  will  differ  in  quality  according  to  the 
care  bestowed  on  the  selection  of  the  materials  used  and  the  methods 
by    which   they    are  compounded,  and   until   it    becomes  a  specialty 
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such  "work  can  only  be  satisfactorily  done  under  the  eve  of  the  trained 
engineer. 

The  plates  accompanying  this  jaaper  give  a  typical  illustration  of 
concrete  structures  in  existence  and  of  works  now  being  erected  in 
Nova  Scotia.  The  following  extract  is  from  the  author's  i^aper,  m^. 
81-82,  Vol.  I,  Transactions  Canadian  Society  of  Civil  Engineei's. 

"The  abutments  and  piers  were  built  within  a  skeleton  framework 
closely  boarded  against  the  face  as  the  work  i^roceeded  ujjwards.  Thev 
■were  built  of  Portland  cement  rubble  concrete ,  faced  with  Portland 
cement  fine  concrete.  The  facing  of  fine  concrete  was  generally  6  ins. 
in  thickness,  but  varied  to  a  width  of  9  ins.  in  rapid  currents,  or  where 
liable  to  more  severe  usage  than  is  due  to  ordinary  exposure.  The  Port- 
land cement  rubble  concrete  was  composed  of  1  jjart  of  clean  gravel 
or  small  stones  not  exceeding  1  in.  in  diameter,  5  parts  of  large 
stones  weighing  20  lbs.  and  upwards,  2  parts  of  sand  and  1  part 
of  Portland  cement.  In  mixing  the  concrete,  the  gravel,  sand  and 
cement  were  turned  over  three  times  while  dry;  water  was  then  added 
and  the  materials  again  turned  over  at  least  three  times  and  well  ag- 
glomerated before  being  placed  in  the  work.  The  gravel,  sand  and 
Portland  cement  for  the  fine  concrete  were  first  mixed,  to  form  a  matrix 
or  body  of  concrete,  and  the  large  stones  of  the  rubble  concrete  were 
placed  therein  by  hand.  These  stones  were  placed  end  upwards,  2  to 
3  ins.  apart,  and  the  spaces  between  them  grouted  up  solid  with  the 
matrix,  to  form  a  compact  mass,  and  any  holes  or  cavities  in  the  works 
run  full  flush  with  Portland  cement  compo,  consisting  of  2  parts  of 
sand  and  1  of  cement.  The  fine  concrete  facing  was  kept  at  least 
6  ins.  higher  than  the  rubble  concrete,  and  united  Avith  it  so  as  to  form 
one  homogeneous  mass.  In  every  instance  the  top  of  the  pier  was 
finished  with  tine  concrete  for  a  depth  of  1  ft.  6  ins.,  and  the  shoes  of 
the  iron  truss  posts  were  placed  thereon  without  the  usual  bridge  seats 
of  stone. 

"  The  concrete  work  for  the  last  three  years  (now  for  the  last  eight- 
years)  has  been  executed  by  the  Government's  own  engineers  and 
workmen."  *  *  *  "  It  was  considerd  more  advisable  to  carry  out 
the  work  by  men  working  by  the  day  and  trained  under  proper  super- 
vision, until  they  became  sufficiently  skillful,  and  as  interested  as  the 
engineer  in  the  success  of  the  undertaking." 

Objections  are  frequently  taken  against  the  use  of  large  stones  within 
the  concrete  body,  because  homogeneity  is  said  to  be  an  essential  feat- 
ure to  obtain  the  best  results.  The  assumption  that  the  bond  between 
the  large  stones  and  the  concrete  is  not  so  great  as  in  the  concrete  itself 
is  not  an  established  one.  Although  tests  by  compression  on  small 
concrete  columns  give  varying  results,  according  to  the  kind  of  stone 


MURPHY   OX    BRIDGE   SUBSTRUCTURE   IX   XOVA   SCOTIA.    Q'-io 

jiml  othor  matoriiils  usoil,  it  is  uot  difficult  to  observe  that  the  planes  of 
■cleavage  are  in  the  concrete  itself,  and  tlie  results  compared  with  those 
of  similar  tests  on  similar  kinds  of  stone  broken  to  the  size  of  Macadam 
arc  uot  at  all  so  much  in  favor  of  the  smaller  intermixture  as  would 
warrant  the  exclusion  of  the  large  stones.  The  desirability  of  the  em- 
jjloyment  of  large  stones  in  an  economical  sense  will  be  determined  br 
the  supply  available.  In  Nova  Scotia  they  too  frequently  encumber 
the  ground.  Their  adoj^tion  lessens  the  jmce  of  concrete  more  than 
30  per  cent.  Ten  400-lb.  barrels  of  Portland  cement  will  build,  on  an 
average,  8  to  9  cu.  yds.  of  concrete,  and  all  the  intervening  inter- 
mixture of  concrete  will  be  rich  in  cement.  The  cost  of  concrete  work 
in  Nova  Scotia  has  been  from  85.50  to  S6.50  per  cubic  yard  for  piers 
and  abutments,  and  from  B"  to  S8  for  concrete  work  in  arched  bridges. 

The  concrete  work  forming  the  arches  of  the  small  highway  bridges 
shown  by  illustration  was  first  built  in  courses  radiating  in  the  same 
manner  as  dressed  stone  in  courses  for  arch  work,  so  as  to  prevent  any 
horizontal  tendency  to  set  flaky  as  the  work  went  on.  Each  course  was 
molded  on  the  lagging  of  centers  by  securing  thereon  a  board  in  the  true 
radial  line  between  soflBt  and  extrados,  and  the  concrete  was  placed 
there  in  its  final  position  to  form  the  course.  "When  sufficiently  set,  the 
Tjoard  was  removed  and  placed  again  for  the  next  succeeding  course.  A 
setting  templet,  the  same  as  masons  make  use  of  when  laying  voussoirs 
or  arch  stones  on  centers,  readily  gave  the  inclination  of  the  board. 
The  foreman  in  charge  was  cautioned  not  to  jjermit  any  course  to  be 
partially  filled  up  and  allowed  to  set  before  the  whole  was  comj^leted. 
In  this  way  the  course  was  expected  to  have  the  same  consistency 
throughout.  The  concrete  used  in  the  arches  was  of  the  same  admix- 
ture as  described  in  this  paper  as  "  fine  concrete.''  Kecently,  however, 
the  arch  work  was  built  en  masse,  an  ample  supply  of  material  being  first 
jjroduced,  and  the  work,  once  commenced,  was  proceeded  with  as  rapidly 
as  possible  to  completion. 

Generally  s^jeaking,  siiitable  materials  for  the  aggregates  are  to  be 
found  throughout  Nova  Scotia  in  a  naturally  fit  condition  for  concrete- 
making,  without  preliminary  treatment,  except  occasional  washing. 
Eiver  and  seashore  gravels  and  sands  from  the  denudation  of  granite, 
quartzite  or  whinstone  rock  from  Cambro  silurian  strata  are  quite 
common,  while  clean  pit  gravels  from  old  river-beds  or  from  moraines 
are  frequently  available  further  inland.     In  all  cases  care  was  taken 
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that  the  aggregates  were  not  used  unless  clean,  free  from  earth  or  loam 
and  from  all  organic  substances.  Nearly  all  the  cement  used  was  of 
"White's  brand  "  of  English  Portland.  It  was  always  tested  for  ten- 
sile strength,  weight,  fineness  and  hydraulicity. 

That  no  rigid  rule  or  uniform  order  of  construction  of  bridge  sub- 
structure ought  to  be  invariably  followed  when  forces  of  conflicting 
elements  have  to  be  dealt  with  is  well  exemplified  by  the  failures  of 
'  structures  erected  over  the  rivers  within  the  tidal  influence  of  the  Bay 
of  Fundy.  The  author  is  not  aware  of  any  one  instance  where  an 
ashlar  masonr}'  structure  under  such  conditions  of  tidal  influence  has 
not  been  more  or  less  a  failure.  The  railway  bridge  crossing  the  Avon 
River  at  Windsor,  already  noticed,  is  not  the  only  instance.  The  same 
remarks  might  be  applied  to  piers  or  bridges  carrying  the  Intercolonial 
Railway  over  the  Shubenacadie  and  Sackville  rivers,  all  of  which  have 
had  to  be  renewed  since  their  erection  ;  while  within  the  limits  of 
those  phenomenal  fluctuations,  characteristic  of  the  Bay  of  Fundy, 
concrete  made  from  aggregates  obtained  from  off  the  shingle  beaches 
close  at  hand  has,  so  far  as  it  has  yet  been  properly  employed,  given 
satisfaction. 

In  the  paper  submitted  to  the  Canadian  Society  in  1888,  already  al- 
luded to,  the  history,  theory  and  manufacture  of  Portland  or  artificial 
cement,  and  its  application  to  bind  the  usual  aggregates  into  concrete 
en  bloc,  was  more  fully  noticed  and  discussed.  The  purpose  here  is  to 
point  out  how  it  is  behaving  as  a  substitute  for  masonry  in  the  climate 
of  Nova  Scotia.  But,  it  may  be  asked,  what  is  the  justification  for  the 
employment  of  concrete  at  all  above  ground  in  lieu  of  stone  ?  The 
fact  that  walls  and  bridges  are  produced  which  perform  the  service 
expected  of  them  at  a  much  less  expense  than  masonry  ;  that  by  the 
utilization  of  materials  otherwise  valueless,  such  as  the  shingle  of 
the  beaches  and  streams,  and  the  boulders  encumbering  the  surface, 
permanent  bridges  can  readily  be  built  with  the  assistance  of  ordinary 
labor ;  that  by  the  employment  of  concrete,  limited  means  will  yield 
more  desirable  results  ;  that  evidence  exists  that  such  adoption  would 
secure  at  low  cost  works  of  great  efficiency,  is  sufficient  to  justify  the 
use  of  concrete  as  well  as  the  introduction  of  the  subject  of  its  adop- 
tion here. 

Concrete  work  should  not  be  jaroceeded  with  during  the  extremes  of 
hot  or  of  cold  weather,  without  protection  from  such  extremes.     An 
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t'veu  tt'inpcratim'  »>t'  iilnmt  (10  Fahr.  is  tlu'  most  *lt'.siral)li'  fur  its  mau- 
iiliutiu-c  ami  use.  Dnriujj;  snmiiuT  lit'ut  in  our  (!i\.a(liaii  climate,  the 
walls  should  bi'  ft)Vi'ri'(l  immediately  alter  the  introduetiou  of  the  eou- 
eretiu}^  material,  aud  oeeasioually  sprinkled  over  with  a  hose  or 
through  a  luwly  i)unetured  uozzle  of  a  watering-can.  Injurious  effects 
from  freezing  are  still  more  to  be  avoided.  It  is  better  to  desist  from 
concrete  building  early  in  the  mouth  of  October.  It  is  requisite  that 
the  concretionary  process  should  go  on  with  extreme  slowness  on  the 
outer  or  exposed  surface  of  conci-ete  walls.  The  interior  of  the  mass 
will  set  slowly;  the  induration  should  extend  equally  slowly  in  all  direc- 
tions so  that  the  solidifying  condition  may  be  simultaneously  i-eached 
throughout  the  body,  and  that  the  cohesive  attraction  and  crystalliza- 
tion may  be  uniformly  progressive. 

Foundations. 

The  general  princiijles  of  dealing  with  foundations  where  w^ater 
offers  no  impediment  to  the  execution  of  the  work  will  not  be  noticed 
here.  The  remarks  submitted  will  be  confined  to  the  methods  devised 
and  the  practice  employed  in  providing  firm  and  reliable  footings  upon 
which  to  rest  abutments,  piers  and  cylinders,  that  support  metal  sui^er- 
strueture  of  railway  aud  highway  Ijridges  built  under  the  supervision 
of  the  writer.     They  may  be  classified  thus  : 

First. — For  cylinders,  to  rest  on  a  friable  rock  river-bed,  as  at  Avon 
Bridge,  Windsor. 

Second. — For  cylinders  founded  on  rock  partially  covered  by  shift- 
ing sand,  as  at  Board  Landing  Bridge,  Truro. 

Third. — For  cylinders  to  rest  on  a  hard  boulder,  clay  bottom,  inter- 
mixed with,  large  boulders,  as  at  Bridgewater  Bridge. 

Fourlh. — On  soft  alluvial  bottom,  as  at  Loekeport  Bridge,  Locke- 
port. 

Fifih. — On  soft  clay  bottom,  foundation  for  circular  swing  pier,  as 
at  Little  Bras  d'Or  Bridge,  Cape  Breton. 

Sixth. — On  piles  cut  20  ft.  under  water  for  foundations  of  cylinders, 
as  at  Victoria  Bridge,  Bear  River. 

Seventh. — Within  caissons  to  rest  upon  piling,  as  at  Sutherland's 
River  Bridge,  Eastern  Extension  Railway. 

Eighth. — With  coffer-dam  where  water  is  excluded,  as  at  Resti- 
gouche  Bridge,  Intercolonial  Railway  of  Canada. 
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Ninth. — Within  a  coffer-dam  wbere  canvas  is  made  use  of  instead  of 
puddle,  as  at  Mill  Stream  Bridge,  Intercolonial  Railway  of  Canada. 

The  Avon  Bridge  Fovndations  {Plate  No.  I ). — The  substructure  con- 
sists of  five  pairs  of  steel  cylinders  of  from  35  to  48  ft.  in  height.  They 
are  each  5  ft.  internal  diameter,  and  are  filled  with  concrete.  The 
shells  are  f  in.  in  thickness;  they  are  coupled  together  by  laced  beams 
and  sway  bracing.  The  coupling  is  sheathed  over,  making  the  pier 
dumb-bell  shajDe  in  section.  They  are  capped  like  doric  columns. 
Two  rolled  X  beams  connect  them  over  caps  and  form  a  base  for  the 
bridge  seats  and  iron  trusses  to  rest  upon.  This  method  of  coujiling 
the  columns  is  employed,  to  unite  their  strength  in  resisting  impinging 
blows  of  ice,  as  well  as  to  keej)  the  ice  floes  from  getting  caught  in 
the  bracing. 

The  columns  rest  upon  limestone  rock,  carboniferous,  and  are 
secured  to  it.  The  manner  of  fastening  the  columns  to  the  rock  under 
water  is,  the  writer  believes,  original,  and  he  wishes  to  place  it  on 
record  here.  Limited  means  suggested  its  trial,  and  the  result  seems 
to  justify  its  practice.  A  i^rofile  of  the  bed  of  stream,  with  depth  of 
water  at  low  tide,  is  as  follows : 

Commencing  at  the  eastern  or  Windsor  side  of  stream,  the  first  pair 
of  columns  would  be  in  4  ft.  of  water,  the  second  pair  in  9  ft. ,  the 
third  in  9  ft.,  the  fourth  in  12  ft.  and  the  fifth  in  14  ft.  of  water.  Neap 
tides  rise  28  ft. ;  springs,  4  or  5  ft.  higher.  There  were  some  loose 
boulders  and  a  shifting  sand,  but  as  the  width  was  contracted  by  the 
foundation  work,  the  current  removed  the  latter.  The  stones  or 
boulders  were  readily  removed  by  ordinary  hand  grappling.  Cribs  of 
wood  were  put  together  on  the  shore,  and  partially  filled  from  ballast 
floors  up,  with  sufficient  stone  to  submerge  them  and  jireserve  their 
buoyancy  for  floating  to  their  destination.  Two  voids  of  8  ft.  square 
were  left  in  each  crib,  to  receive  the  cylinders.  These  cribs  were 
floated  into  place  at  low  water  and  sunk  by  additional  stone  ballast,  so 
that  the  top  stick  stood  clear  over  low  water  when  sunk,  and  the  voids 
were  fairly  over  the  sites  to  be  occupied  by  the  cylinders.  The  voids 
were  next  boarded  over  and  the  centers  of  cylinder  jjositions  marked 
upon  them.  From  those  centers  a  radius  of  2  ft.  6  ins.  gave  the  posi- 
tion or  shell  of  each  column.  Next,  within  the  radius  nine  equi-distant 
points  were  marked  on  the  boards,  and  a  large  auger  hole  bored 
through  the  floor  at  each  point,  thus  defining  the  periphery  or  outer 
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Kbell  of  tlu>  folniuu  wlicii  in  2)lacf,  and  the  position  of  nine  ilowels  to  bo 
l)liu'Ocl  witbiu  it.  Tbebolos  in  tlic  floor  marked  tbo  i)ositiouof  tlic  drill, 
and  tlu>  floor  itself  aeted  as  ])latforni  for  tbe  tbree  men  to  work  on,  in 
tbe  ordinary  metbod  of  roek  drilliujj;.  Tbe  workmen  bad  no  difficulty 
in  drilling  nine  holes  into  the  rock  in  tbis  way,  from  2i  to  3  ft.  deep, 
nor  in  drojjping  dowels  of  2-in.  round  iron  into  the  drill  boles.  Thus 
there  were  within  each  tube  nine  iron  dowels  of  2  ins.  diameter,  stand- 
ing to  a  height  of  from  2  to  4  ft.  Tbe  cylinder  was  then  lowered  to 
its  resting  place,  and  the  inside  of  tbe  tube,  as  well  as  tbe  8x8  ft.  void 
outside,  filled  up  with  concrete. 

The  method  employed  for  placing  concrete  under  water  between 
the  iron  dowels  jiroved  very  eflfective.  Bags,  made  of  rough  brown 
paper  well  stiflfened  with  glucose,  were  employed  and  slipped  into  tbe 
water  over  tbe  required  place  of  deposition.  Each  bag  held  about  one 
cubic  foot  of  concrete;  smaller  ones  were  used  between  dowels.  Tbe 
bags  were  quickly  made  ui^  and  dropped  one  after  another,  so  that  tbe 
one  following  was  deposited  before  tbe  cement  escaped  from  tbe  former 
one.  Tbe  i^aper  was  immediately  destroyed  by  submersion,  and  the 
cement  remained;  it  could  not  escape.  Tbe  bags  cost  SI. 35  per  hun- 
dred, or  35  cents  per  cubic  yard. 

Tbe  same  jiractice  adopted  for  tbe  foundation  of  Avon  Bridge  can 
be  employed  in  from  15  to  18  ft.  of  water.  With  the  help  of  a  diver 
it  can  be  carried  on  in  greater  depths.  Tbe  writer  claims  that  the 
means  employed  to  put  in  the  foundations  of  Avon  Bridge  have  been 
cheap  and  jjractical  and  effective,  and  tbe  results  have  fully  justified 
their  adoption. 

The  work  in  connection  with  foundation  and  crib  w^ork  was  com- 
menced by  the  Government  during  tbe  first  week  in  May,  and  continued 
Avithout  obstruction,  accident  or  intermission.  Tbe  first  sections  of  tbe 
first  pair  of  cylinders  were  set  in  place  by  the  Dominion  Bridge  Company 
on  July  19th,  and  tbe  other  four  pairs  were  in  i^osition  August  19th 
following.  As  each  bottom  section  was  fixed  it  was  immediately  filled 
with  concrete,  and  levels  taken  on  it  and  forwarded  to  the  Dominion 
^Bridge  Company,  so  that  tbe  exact  height  of  each  tube  to  the  toii 
might  be  given  to  the  men  in  the  workshops. 

Plate  II  illustrates  the  means  adopted  to  obtain  foundations  for 
two  pair  of  tubes  to  support  tbe  metal  sui^erstructure  of  Board 
Landing  Bridge  near  Truro.     Tbe  bridge  crosses  Salmon  Eiver  before  it 
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discharges  into  Cobequid  Bay.  The  bed  of  the  stream  consists  of  quick- 
sand or  fine  silt  overlying  a  rock  bottom  of  new  red  sandstone  to  a, 
dei^th  of  from  5  to  7  ft.  Neap  tides  rise  15  ft. ;  springs,  about  18  ft. 
Enclosures  such  as  coffer-dams  or  caissons,  to  exclude  the  water  and 
the  silt,  would  be  too  exi^ensive,  and  dredging  without  such  protective 
aid  would  be  impracticable.  The  problem  then  became  one  to  find,, 
with  the  least  possible  expenditure,  a  solid  bearing  for  tubes  or  for 
concrete  or  masonry  piers  of  sufficient  lateral  strength  to  resist  such, 
heavy  ice  floes  as  run  with  the  stream  during  freshets  or  during  the 
"ogres  "  or  "bores"  so  characteristic  of  the  tidal  rivers  emptying  into 
Cobequid  Bay  or  into  the  Bay  of  Fundy.  The  strata  being  of  a 
yielding  semi-fluid  nature  it  was  quite  practicable  to  sink  the  cylinders 
by  dead  weight  to  the  rock,  or  to  sink  them  by  the  pneumatic  process. 
and  pumj)  out  or  force  out  the  quicksand.  It  was,  however,  considei-ed 
that  a  greater  lateral  degree  of  resistance  should  be  provided,  to  resist 
the  ice  jams,  than  the  tubes  and  their  connections  could  afford  in  this 
case.  Something  stronger  and  more  cumbrous  was  deemed  pref- 
erable. 

Two  rows  of  close  piling,  one  on  each  side  of  foundation,  along  the' 
longitudinal  direction  of  the  pier,  were  first  driven,  between  wales,  to- 
the  i-ock  by  a  small  pile-driver;  the  up  and  down  stream  ends  of  the 
jjarallel  rows  were  left  unconnected.  The  width  of  the  stream  was  nar- 
rowed Ijy  the  piers  of  the  old  bridge  and  by  the  new  work  and  con- 
tracted the  water-way  so  as  to  create  a  current  of  much  greater  inten- 
sity, and  this  accelerated  flow  was  made  to  flush  and  scour  out  the  sand, 
by  directing  it  through  the  piled  enclosuiv,  Plate  III  faii'ly  illustrates^ 
the  method  of  getting  rid  of  the  quicksand.  A  mattress  of  brush  and 
.small  stones  was  next  lowered  to  the  rock;  the  sheet  piling  of  the  ends 
of  the  enclosure  and  two  clumps  of  piles  to  found  tubes  upon  Avere 
next  driven  through  the  mattress  to  the  rock,  and  the  w  hole  rectan- 
gular block  filled  with  stone  and  brush  to  the  level  of  low  water. 
There  are  no  marine  borers  about  the  littoral  waters  of  Cobequid  Bay, 
the  water  is  too  muddy;  they  would  be  sealed  up  in  their  burrows  by 
the  silt.  The  tubes  were  founded  as  shown  by  Plate  II  and  filled  with 
concrete. 

Plate  IV  shows  the  method  of  preparing  foundations  for  cylinders, 
the  bottom  being  a  hard  boulder  clay  intermixed  with  large  boulders. 
Bridgewater  Bridge  carries  the  highway  traffic  from  the  main  street  of 
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tbe  towu  iif  JJritl^t'Wiittn-  Dver  the  liU  Have  Kiver  to  tlie  railway  station. 
The  abutments  are  of  granite  masonry.  The  j^iers  are  built  of  unusual 
strength,  to  resist  V)lo\vs  from  rafts  of  timber,  or  the  2)OssiV)ility  of  l)eiug 
carried  away  by  jam.-,  of  logs  that  are  occasionally  set  adrift  by  freshets 
from  the  booms  iu  tln'  mill  ponds  up-stream.  The  foundations  of 
each  pier  support  three  steel  cylinders  of  4  ft.  internal  diameter,  each 
tilled  with  concrete.  There  is  nothing  remarkable  in  the  plan  adopted 
except  that  it  shows  a  cheap  and  effective  method  of  dealing  with  a  bot- 
tom of  so  refractory  a  nature,  without  the  aid  of  coflfer-dams  or  caissons. 
The  bridge  is  near  the  "head  of  the  tide ";  a  large  body  of  fresh  water 
passing  through  prevents  damage  to  the  submerged  timber  by  the 
teredo  or  the  lim^ioria.  The  two  granite  abutments  and  retaining  walls 
out  of  stream  cost  $5  717,  while  the  foundations  of  the  two  piers 
within  stream,  up  to  the  level  of  low  water,  cost  §2  010.  The  jslan 
submitted  will  illustrate  the  manner  of  construction.  The  masonry  of 
the  abutments  was  let  by  contract  at  88  per  cubic  yard.  The  Avork  on 
the  piers  under  water  was  performed  by  "day's  work." 

Plate  V  shows  the  method  now  being  employed  for  constructing  the 
foundations  for  Lockeport  Bridge  iu  the  County  of  Shelburne.  The 
bridge  is  to  convey  the  traffic  of  the  highway  and  of  a  narrow-gauge 
railway  from  the  town  of  Lockeport,  Lockeport  Island,  across  a  tidal 
armlet  to  the  main  land.  The  roadway  crosses  a  small  island  with 
from  400  to  500  ft.  of  shoal  water  on  either  side  and  a  channel  of  about 
300  ft.  in  width,  available  for  floating  vessels  through  when  launched 
from  ship-building  yards  further  up.  The  bottom,  for  a  depth  of  16 
ft.,  is  very  soft,  peaty  mud  overlying  stiff  clay.  The  water  is  from  3 
to  •!  ft.  deep  on  the  flats  and  about  10  ft.  in  channel  at  low  tide.  Neap 
tides  rise  6  ft.;  springs,  8  ft.  The  roadway  over  the  flats  is  being 
constructed  upon  a  broad  base  of  mattresses  and  faggots  of  brush,  and 
the  channel  is  being  bridged  with  a  steel  swing  bridge  to  revolve  on  a 
circular  concrete  jjier  and  two  fixed  spans  sujjported  by  steel  tubes. 
All  rest  upon  artificial  foundations  of  piling. 

The  limtwria  Ugnorum  is  active  in  the  Harbor  of  Lockeport,  show- 
ing the  necessity  of  having  the  timber  piles  i^rotected  l)y  an  oiiter  wall 
or  covering  of  conci-ete.  The  hexagonal  block  of  sheet  piling  and  the 
rectangular  blocks  of  piling  round  the  tubes  are  driven  merely  to 
retain  the  concrete.  The  j)lan  shows  all  other  details  of  construction 
for  foundations  and  for  substructure. 
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The  plan  adoi3ted  for  dealing  vnth  the  foundations  of  Sutherlands 
Kiver  Bridge,  Eastern  Extension  Railway  (see  Plate  VIII),  could  be 
also  fittingly  selected  for  the  foundations  and  substructure  of  Locke- 
port  Bridge.  A  careful  examination  of  the  conditions  and  costs 
showed,  however,  that  a  saving  of  from  30  to  35  "o  would  be  effected 
in  favor  of  the  method  now  being  employed  at  Lockeport,  and  the 
cheaper  plan  was  accordingly  followed.  The  cost  of  foundations  and 
substructure  of  the  circular  pivot  joier  and  for  the  four  pair  of  tubes 
to  support  the  two  fixed  sjians,  up  to  the  level  of  low  water,  will  not 
exceed  §5  000. 

Plate  YI  shows  foundations  and  circular  pier  of  a  swing  truss,  built 
over  the  navigable  channel  of  the  Little  Bras  d'Or,  Cajie  Breton.  The 
bottom  or  bed  of  channel  is  of  soft  mud  and  clay,  the  denudation  of 
the  carboniferous  strata  of  the  district.  The  principal  feature  to  be 
noticed  is  the  plan  adopted  for  building  the  pier  to  support  the  swing 
bridge  and  securing  foundations  therefor. 

All  round  the  site  of  this  bridge,  as  well  as  its  environs,  is  a  favor- 
ite haunt  of  the  teredo  navalis  or  the  teredo  nnrvegicn,  Spengler,  more 
probably  the  latter.  The  bridge  consists  of  one  swing  span,  162  ft.,  and 
a  fixed  span  of  80  ft.  To  better  subserve  the  requirements  of  naviga- 
tion, the  pier  on  which  the  swing  revolves  stands  in  28  ft.  of  water  at 
low  tide.  The  pier  consists  of  a  center  cylinder  4  ft.  in  diameter, 
surrounded  by  six  cylinders  of  3  ft.  diameter  each,  all  coupled  together 
above  water  level  with  laced  beams.  The  pivot  on  which  the  swing 
revolves,  rests  on  the  center  tube,  and  the  six  other  tubes  supjjort  a 
track  resting  on  rolled  I  beams  covered  with  i^-in.  plate.  The  founda- 
tions of  the  tubes  consist  of  clumps  of  piles,  cut  off  at  level  of  the  bed 
of  the  stream  by  machinery,  one  pile  in  the  center  of  each  clump  having 
been  cut  about  6  ft.  higher  up.  The  tubes  are  filled  inside  with  con- 
crete to  toj),  and  outside  with  concrete  and  stone  to  a  height  of  15  ft. 
from  the  bed  of  the  stream.  The  outside  piers  and  abutments  are  built 
of  Georgia  yellow  pine,  creosoted  by  Eppinger  &  Russell,  Brooklyn, 
N.  Y.     The  whole  work  cost  S19  000. 

Plate  VII  illustrates  the  system  employed  for  obtaining  foun- 
dations for  the  fixed  spans  of  the  bridge  constructed  in  1888  to  replace 
the  Victoria  Bridge,  Bear  River,  which  consists  of  a  swing  span  160  ft. 
in  length,  two  fixed  spans  of  125  ft.  each  and  one  of  100  ft.  The  swing 
span  revolves  on  a  cii'cular  pier  24  ft.  in  diameter,  constructed  entirely 
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of  concrete.  Each  pier  for  the  fixed  Hpuns  eonsists  of  two  wrought-iron 
cylinders,  5  ft.  etich  in  diameter,  tiUed  with  concrete,  coupled  together 
by  laced  channel  beams  and  lateral  bracing,  and  sheathed  ])etweeu 
main  tubes,  to  prevent  lifting  or  displacement  by  ice  floes.  It  is,  how- 
ever, the  circular  or  concrete  pier  that  comes  most  properly  within  the 
bounds  of  these  remarks.  There  is  18  ft.  of  water  at  ordinary  low  tide; 
springs  rise  29  to  'M  ft.  The  limnoria  lignorum  is  here  so  active  that 
the  bearing  power  of  i)iles,  or  of  timber  submerged  below  the  level  of 
low  water,  is,  where  exposed,  affected,  if  not  destroyed,  within  six  years. 
The  supports  of  the  old  wooden  bridge  had  to  be  renewed  twice  within 
a  period  of  12  years.  The  new  bridge  is  placed  immediately  above  the 
old  one,  and  if  founded  on  piles  similarly  unprotected  would  be  no  more 
reliable.  The  foundations  are  so  liable  to  scour  by  the  rapid  running 
tides  or  ogres,  so  characteristic  of  the  Bay  of  Fundy,  on  loose  gravel 
deposits,  that  j^iles  were  considered  safer  to  found  upon.  For  these 
reasons,  as  well  as  for  one  no  less  obvious,  viz.,  limited  means,  it  was 
decided  to  adopt  piles  driven  3  ft.  apart  at  centers  over  the  whole 
base  of  pier,  and  to  protect  them  with  a  circular  envelojJe  of  concrete 

3  ft.  in  thickness.  The  hexagonal  circuit  of  close  piling  shown  by  tig- 
iire  No.  7  is  driven  merely  as  a  mold  to  retain  the  outer  wall  of  con- 
crete while  it  is  being  erected.  The  piles  were  cut  off  at  the  level  of 
low- water  spring  tides,  the  intei'vening  spaces  between  them  filled  u]) 
■«T.th  small  stones,  and  the  usual  platform,  12  x  12  ins.  timber,  framed 
thereon,  thus  completing  the  circular  jjier  uj?  to  the  level  of  low  water. 
The  concrete  superstructure  from  that  point  upwards  to  finish  is  a 
frustrum  of  a  cone,  having  a  solid  vertical  central  pillar  4  x  4  ft.  to  sup- 
port the  pivot  and  four  walls,  2  ft.  6  ins.  each  in  width,  radiating  there- 
from to  the  outer  circular  wall,  or  perij^hery,  which  is  2  ft.  6  ins.  wide 
at  top  and  increases  downwards  with  a  batter  of  1  in  8  ins.  The  four 
voids  thus  left  in  the  body  of  the  prism  have  vertical  sides  to  within 

4  ft.  of  the  top,  where  they  corbel  to  an  apex  and  are  covered  with  2  ft. 
of  fine  concrete.  The  columns  in  deei)  water  supj)orting  the  fixed  spans 
rest  on  clumi^s  of  jjiles  cut  off  at  the  bed  of  the  river  by  a  circular  saw, 
two  piles  being  allowed  to  stand  up  within  the  body  of  the  tube,  to 
prevent  displacement.  The  spaces  outside  the  tubes  to  the  sheet  piling, 
as  well  as  within  the  tubes,  are  filled  with  concrete,  outside  to  level  of 
low  water  and  inside  of  the  tubes  to  top.  The  cost  of  the  bridge 
approaches  and  mooring  piers  amounts  to  ^52  000. 
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There  is  not  mucli  difl&culty  experienced  in  cutting  piles  under 
water  in  tlie  same  plane,  and  at  any  desirable  depth  up  to  30  ft.  Sucli 
arrangements  can  be  made  above  the  water  level  as  will  ensure  their 
being  cut  off  one  by  one,  perfectly  level  below.  The  outer  rows  of 
sheet  piling  having  been  driven  and  cut  off  close  to  the  wales  at 
Victoria  Bridge,  served  as  a  bearing  or  platform  to  rest  the  framework 
of  pile-driver  upon,  to  cut  the  inner  or  bearing  piles  as  close  to  the  bed  of 
the  river  as  the  surface  of  ground  would  allow  the  circular  saw  to  work. 
The  shafting  of  the  saw  can  run  in  i:)edestals,  set  in  a  frame  standing 
vertical,  or  can  be  set  along  the  leaders  of  the  pile  frame  and  adjusted 
to  cut  at  the  required  depth  below  the  surface  of  the  water.  A  circular 
saw  of  3  ft.  diameter,  -with  shafting,  2h  ins.  diameter,  set  in  a  jjile  frame 
and  worked  from  a  i^ulley  off  vertical  shaft,  vrith  a  twist  in  the  belt  to 
change  the  direction  of  motion,  will  freely  cut  jjiles  to  a  depth  of  30  ft. 
below  the  water  level.  Care  must  be  taken  to  have  the  platform  on 
which  the  machine  is  moved  along^  as  the  inlea  are  cut  one  by  one, 
level,  so  that  the  saw  working  below  will  enter  every  pile  and  cut  them 
off  at  the  same  uniform  level  all  round.  The  belting  is  run  by  an 
engine  worked  from  a  scow,  and  can  be  made,  by  the  application  of  a 
lever,  to  work  in  a  rising  or  falling  tide  without  slip  or  displacement. 
When  well  directed  by  a  skillful  mechanic,  each  pile  can  be  cut  off  in 
20  ft.  of  water  in  25  minutes,  including  the  time  lost  in  shifting  the 
machine  from  one  pile  to  another. 

Plate  VIII  represents  the  method  employed  for  constriicting 
foundations  and  substructure ,  of  Sutherlands  Kiver  Bridge,  Eastern 
Extension  Railway.  This  bridge  carries  the  line  of  railway  over 
a  shallow  estuary  into  which  Sutherlands  River  emjjties  at  the  head  of 
Merigomish  Harbor.  The  bottom  is  of  a  semi-fluid  lacustrine  nature, 
consisting  of  silt  and  peaty  deposits  for  a  dei^th  of  from  8  to  16  ft.  At 
low  tide  there  is  not  more  than  from  2  to  3  ft.  of  water  on  the  fiats, 
upon  which  the  railway  is  carried  by  an  embankment  resting  on  fag- 
gots of  wattle  and  V)rush.  As  the  flow  of  tide  is  thus  impeded,  a  greater 
current  is  created  in  the  channel,  over  which  the  bridge  of  160-ft.  span 
is  built.  There  is  now  10  ft.  dejith  at  low  water  in  the  channel.  Neap 
tides  rise  5  ft. ;  springs,  6^  ft.  The  teredo  is  found  boring  in  submerged 
wood  in  the  harbor,  and  its  appearance  was  feared  here.  In  this  case 
artificial  foundations  had  to  be  provided,  in  a  very  soft,  yielding  strata, 
liable  to  scour,  and  to  the  attacks  of  those  destructive  moUusca. 
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A  row  of  closo  iiiliuj^-  amis  (liivcu  alon^j:  tho  fiu-f  iiiul  aionud  tlie  ex- 
posed ends  of  earli  lUmtment,  and  bearing  j.iles  at  3  ft.  apart  centers, 
under  tlie  base  of  the  masonry  i)risms.  These  piles  wore  all  ent  oft' 
level  by  a  eireular  saw  H  ft.  below  low  water.  A  water-tight  caisson, 
built  on  shori',  lannelied  and  tilled  witli  ashlar  masonry  as  high  as 
its  buoyancy  would  permit,  was  floated  into  its  true  jjosition,  over  the 
piles,  and  sunk  by  the  addition  of  more  masonry  until  the  abutment 
was  clear  of  water.  After  the  abutments  were  completed  rip-raj)  was 
carefully  placed  all  round  the  exjiosed  timber,  as  is  shown  by  the 
illustration. 

Plate  IX  and  the  following  extracts  are  taken  from  the  "  History  of 
the  Intercolonial  Railway,"  by  Sandford  Fleming,  Esq.,  Chief  En- 
gineer, C.  M.  G. ,  pp.  16.3-165.  The  writer  of  this  paper  was  the  con- 
tractor for  the  foundations  and  substructure. 

"  The  River  Restigouche  constitutes  the  boundary  between  Quebec 
and  New  Brunswick.  The  railway  bridge  connecting  the  two  Provinces 
is  the  only  bridge  which  crosses  the  river.  It  is  situated  below  its 
confluence  with  the  Metapedia.  After  emerging  from  the  contracted 
valley  through  which  the  Metapedia  flows,  the  railway  turns  almost  at 
right  angles,  to  follow  the  Restigouche.  The  main  stream  for  some 
distance  is  hemmed  in  between  high  steep  hills,  rising  abruptly  to  a 
height  of  from  500  to  700  ft.,  and  the  sudden  change  in  the  direction 
of  the  railway  necessitates  the  construction  of  the  bridge  on  a  skew  of 
45  ." 

"  The  hills  are  composed  of  a  metamorphosed  slate,  much  contorted 
and  so  tilted  that  the  direction  of  the  cleavage  is  not  easy  to  de- 
termine. The  river  takes  the  direction  of  the  strike  and  has,  no  doubt, 
shajjed  its  course  from  denudation.  Blue  clay  underlies  the  gravel  in 
the  bed  of  the  river,  but  it  is  undoubtedly  local." 

"Soundings  and  borings  were  made  through  the  ice,  early  in  1869, 
which  led  to  the  opinion  that  the  bed  of  the  river  was  rock,  overlaid 
with  some  inches  of  gravel.  But  it  was  found  that  stones  imbedded  in 
gravel  were  the  hard  substance  met,  and  that  the  solid  rock  was  at  a 
much  greater  depth.  The  outcrop  of  rock  on  both  sides  of  the  valley 
suggested  that  the  stone  in  the  gravel  was  rock  in  situ.  Subsequent 
borings,  however,  showed  the  gravel  to  extend  from  7  to  10  ft.,  under- 
lying which  plastic  blue  clay  is  found." 

"At  Pier  No.  1,  rock  was  reached  at  53  ft.  under  the  summer  level 
of  the  river  ;  at  Pier  No.  2,  at  75  ft. ;  at  Pier  No.  3,  at  62  ft.,  and  at  Pier 
No.  4,  at  54  ft. 

"Accordingly,  piling  was  necessary  in  all  the  foundations,  except 
for  that  of  the  easterlv  abutment,  which  was  built  on  the  rock.     The 
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work  of  Jailing  -was  continued  throughout  the  winter,  that  season  being- 
suitable  for  this  operation,  the  ice  forming  a  platform  for  the  ma- 
chinery. The  coflfer-dams  were  protected  bv  triangular-shaped  cribs 
to  act  as  breakwaters,  so  constructed  as  to  i^revent  injury  to  the  works 
from  the  ice." 

"The  pumping  was  effected  by  five  engines,  with  an  aggregate  of  70 
H.  P.  Centrifugal  pumps,  capable  of  discharging  nearly  6  000  galls, 
per  minute  were  used.  Owing  to  the  stratum  of  gra^-el,  and  the 
heavy  flow  of  water,  the  excavation  was  i)er formed  with  difficulty. 
The  pier  foundations  consist  each  of  close  square  piling,  enclosing  an 
area  of  102  x  16  ft.,  with  four  rows  of  intermediate  piles,  3  ft.  apart. 
The  space  between  the  i^iles  was  filled  with  concrete,  and  a  jjlatform 
was  constructed  upon  them  8  J  ft.  under  water,  so  as  equally  to  dis- 
tribute the  weight  of  the  superincumbent  masonry.  Much  difficulty 
was  experienced  in  the  execution  of  these  works  in  a  deep  and  rapid 
river." 

"  The  ijile-driving,  of  more  than  60  000  linear  feet  of  timber,  was 
carried  on  almost  continuously  from  August,  1872,  until  April,  1874. 
Ice  begins  to  form  in  this  river  in  November,  and  although  the  rapids 
of  the  river  remain  for  some  time  ojien,  where  the  current  is  slight,  ice 
sufficiently  firm  to  carry  a  man  will  form  in  24  hours.  From  Novem- 
ber until  March,  but  little  rain  falls,  the  thermometer  ranging  from 
32-  above  to  32  below  zero.  The  average,  during  the  five  years  occu- 
pied in  constructing  the  bridge,  was  slightly  below  zero.  A  change  in 
the  weather,  when  the  winter  sets  in  unusually  early,  accomjianied 
with  rain,  will  occasionally  raise  the  water  and  break  up  the  ice,  pro- 
ducing '  ice  jams. '  The  Metapedia  is  esj^ecially  liable  to  these 
incidents  ;  in  the  Restigouche  they  are  not  common.  The  low 
temperature  as  a  rule,  from  November  to  March,  produces  ice  from  2 
to  4  ft.  thick,  and  about  the  end  of  March  it  reaches  its  maximum 
strength.  Moreover,  the  ice  is  not  confined  to  the  surface  of  the 
river.  As  in  many  northern  localities,  anchor  ice  is  developed  to  a 
great  extent,  sometimes  to  double  the  thickness  of  the  surface  ice.  It 
is  not,  therefore,  surprising  that  at  the  end  of  winter  a  sudden  thaw, 
raising  the  water  of  the  main  stream  and  setting  adrift  the  whole 
winter  ice,  should  produce  astonishing  results.  Floating  down  stream, 
these  masses  of  ice  meeting  with  obstructions  will  pile  one  on  the 
other,  until  a  '  jam,'  completely  across  the  river,  is  produced." 

"  The  water  thus  dammed  back  will  in  a  few  hours  rise  to  a  height, 
sometimes  of  20  ft.  The  '  jam  '  ultimately  gives  way,  and  a  moving 
mass  of  ice,  water  and  uprooted  trees  is  borne  onwards,  often  with  a 
current  of  7  or  8  miles  an  hour." 

"  The  river  Restigouche  is  liable  not  only  to  these  '  ice  shoves,'  but 
to  occasional  freshets;  the  most  marked  of  which,  the  'spring  freshet,' 
occurs  yearly  with  regularity  at  the  end  of  May  or  beginning  of  June. 
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So  regular  is  this  periodical  flood  tliat  it  is  annually  anticijiated.  The 
sjiring  frosliot  is  distinct  from  the  '  run  of  ice,'  several  weeks  interven- 
ing. It  always  c  ccurs  immediately  after  the  warm  weather  sets  in  dnd 
is  due  to  the  melting  of  the  snow  in  the  \iplands,  where  the  tributaries 
take  their  rise.  This  freshet  usually  raises  the  Metapedia  12  ft.  aud 
the  Restigouche  18  ft.  above  ordinary  summer  level.  The  rise  of  the 
water  is  gradual,  aud  still  more  so  is  its  fall;  the  former  generally  oc- 
cupies several  days,  aud  the  latter  as  many  weeks;  the  river  rarely 
assuming  its  ordinary  level  until  the  last  week  in  June." 

"The  Restigouche  has  been  famous  for  its  lumbering  operations 
for  half  a  century,  and  a  great  quantity  of  timber  is  still  cut  ou  its 
banks.  The  contingency  of  rafts  and  drift  logs  striking  the  piers  aud 
endangering  the  superstructure  had  to  be  provided  against. " 

"  Every  precaution  has  beeu  taken  to  render  the  piers  of  the  bridge 
capable  of  resisting  the  formidable  forces  to  which  they  will  period- 
ically be  exposed.     It  is  believed  that  they  will  remain  uninjured." 

"It  has  been  stated  that  the  masonry  is  built  on  a  pile  foundation, 
except  in  the  easterly  abutment,  which  is  built  on  rock.  Although, 
owing  to  the  current,  the  ice  impinges  with  great  force  on  that  side  of 
the  river,  the  foundation  being  well  let  into  the  rock,  and  the  wall 
being  well  built  and  protected,  no  injury  is  likely  to  result." 

"The  masonry,  generally,  is  built  of  stone  found  in  the  adjoining 
railway  cutting,  on  the  south-easterly  bank,  where  blocks  of  good 
dimensions  were  obtained.  The  work  is  executed  in  courses,  30  ins. 
thick  on  the  footings  and  24  ins.  in  the  body  of  the  work,  the  blocks 
being  from  6  to  8  ft.  long." 

"The  stone  is  tough  and  well  ailapted  for  work  requiring  great 
strength.  Being  difficult  to  dress,  however,  except  in  the  line  of 
cleavage,  it  was  decided  to  use  granite  for  the  cut-waters  and  quoins. " 

"The  granite  was  brought  from  the  River  Nepissiguit,  beyond 
Bathurst.  It  is  not  unlike  the  well-known  Aberdeen  granite,  the  scales 
of  mica  only  being  somewhat  smaller." 

"  The  distance  from  the  quarry  is  nearly  90  miles,  70  of  which  only 
were  by  open  navigation.  The  blocks  were  therefore  prepared  in  the 
quarry,  and,  when  reduced  to  their  proper  size,  weighed  from  3  to  9 
tons  each." 

"The  necessity  for  great  strength  is  evident  from  the  foregoing  ac- 
count of  the  i^henomena  yearly  witnessed  in  the  rivei-,  which  no  light 
structure  could  resist.  The  face  stones  of  the  cut-waters,  the  coining, 
bridge  seats,  and  the  two  upper  courses  of  ashlar,  together  with  the 
skew  quoins  on  the  down-stream  end  of  i^iers,  are  granite.  A  striking 
contrast  is  accordingly  obtained  to  the  dark  slate  color  of  the  body  of 
the  masonry,  which  adds  to  the  appearance  of  the  structure." 

"The  total  quantity  of  masonry  exceeds  6  000  cu.  yds.;  the  whole 
is  built  in  Portland  cement,  and  the  exposed    parts   of   piers   were 
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secured  by  strong  iron  clamps,  so  contrived  that  it  would  be  impos- 
sible for  floating  logs  or  ice  to  disturb  a  single  stone  without  moving 
the  whole  mass  to  which  it  is  attached.  The  work  was  commenced  m 
the  summer  of  1870  and  completed  by  Christmas,  1875.  During  the 
whole  of  that  time,  notwithstanding  the  heavy  plant  and  material  em- 
ployed, not  a  single  serious  casualty  occurred." 
The  foundations  and  substructure  cost  §276  000. 
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This  improved  method  of  constructing  foundations  has  for  its  ob- 
ject to  convert  the  sand  or  gravel,  existing  under  water  at  the  locality 
where  the  foundations  are  to  be  made,  into  a  solid  body  in  the  form  of 
sand  or  gravel  concrete.  This  conversion  is  effected  in  situ,  so  that 
no  excavation  to  the  solid  bottom  is  required.  The  sand  is  converted 
into  sand  concrete  by  forcing  cement  in  the  form  of  powder,  as  it  oc- 
curs in  commerce,  through  a  pipe  by  air  pressure  into  the  submerged 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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sand.  The  pipe  has  an  intei-nal  diameter  of  about  1|  ins.,  and  is  draAvn 
to  a  point  at  the  lower  end,  in  which  there  are  three  or  more  holes  of 
about  I  in.  diameter.  The  upper  end  is  connected  by  a  bend  and  rub- 
ber tubing  with  the  air-pressure  supply  pipe  in  such  manner  that  the 
pipe  can  be  raised,  lowered  and  moved  while  the  air  jjressure  is  flow- 
ing through  it. 

In  the  air-jiressure  supply  pipe,  provision  is  made  by  means  of 
suitable  branches  and  stoij-cocks  for  connecting  therewith  an  appara- 
tus which  by  means  of  an  injector  device  enables  any  desired  quantity 
of  cement  joowder  to  be  fed  into  the  air  current.  The  air  pressure, 
together  with  the  cement  powder,  issues  through  the  small  openings 
at  the  lower  end  of  the  lance  pipe,  and  is  driven  with  considerable 
pressure  into  the  sand  foundation  ;  this  is  very  mobile  as  it  is  entirely 
under  water,  and  consequently  the  blowing  in  of  the  cement  produces 
a  motion  in  the  foundation  jiit  similar  to  that  in  a  vessel  of  boiling 
water,  the  steam  bubbles  instead  of  air  bubbles  being  formed.  The 
cement  carried  by  the  air  is  retained  by  the  wet  sand  and  combines 
with  this  to  form  sand  concrete. 

By  the  boiling  motion  an  intimate  mixture  of  the  wet  sand  with  the 
cement  is  effected. 

After  the  injection  of  air  has  ceased,  the  grains  of  sand  in  subsid- 
ing adhere  very  firmly  together,  and  experiments  have  shown  that  a 
natural  bed  of  sand,  after  having  one-fifth  of  its  volume  of  cement  in- 
jected into  it,  will  after  the  operation  occupy  a  smaller  sj^ace  than 
before  ;  this  was  shown  by  the  fact  that  the  surface  of  the  sand  con- 
crete lay  deeper  than  that  of  the  surrounding  natural  sand-bed. 

The  introduction  of  the  lance  tube  into  the  sand-bed  is  effected  by 
first  blowing  air  through  it,  so  that  the  air  issuing  from  the  lower  end 
forces  back  the  sand  and  in  setting  it  in  motion  renders  the  sinking  of 
the  tube  to  considerable  depths,  such  as  16  to  19  ft.,  readily  possible  in 
a  comparatively  short  space  of  time ;  this  oi)eration  is  rather  more  diffi- 
cult only  when  the  bed  is  not  i:)urely  sand,  but  contains  larger  stones, 
wood,  etc.  ■  In  this  case  it  may  be  necessary  to  raise  the  tube  up  again 
and  to  insert  it  at  a  different  place  so  as  to  avoid  the  obstructions. 

In  order  to  insure  a  uniform  mixture  in  the  foundation  pit,  it  is 
divided  into  small  fields  of  from  8  to  12  ins.  square,  and  into  each  of 
these  the  required  quantity  of  cement,  which  is  ascertained  by  divid- 
ing the  cubic  contents  of  the  field  by  the  required  proportion  of  the 
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admixture,  is  bluwn.  The  lauce  tubo  is  first  sunk  in  each  field  down 
the  solid  substratum  by  means  of  air  pressure  alone  ;  when  it  lias  at- 
tained this  depth,  eemeni  is  supplied  to  the  air  current,  and  during 
the  continued  introduction  of  the  cement  powder  the  tube  is  slowly 
drawn  upwards  until  the  required  (quantity  of  cement  has  been  intro- 
duced. 

In  order  to  enable  the  lance  tube  to  be  readily  handled,  it  is  sus- 
pended from  a  tripod  or  traveling  stage  having  a  small  winch  by 
means  of  which  the  tube  can  be  readily  raised  and  lowered.  The 
movable  stage  has  the  advantage  that  it  enables  every  field  of  the 
foundation  pit  to  be  easily  reached.  The  steam-boiler  and  compressor 
for  2Jvoducing  the  air  pressure  can  be  placed  at  a  greater  distance  from 
the  foundation  pit  ;  the  air  pressure  can  readily  be  conducted  through 
wrought-iron  jjipes  to  the  point  required.  It  is  of  advantage  to  warm 
the  air  in  the  vicinity  of  the  cement  apparatus,  as  otherwise  moisture 
might  be  separated  by  the  cooling  of  the  air,  which  would  be  very  in- 
convenient in  working  and  easily  produce  a  clogging  of  the  cocks  and 
injector  nozzles. 

For  warming  the  air  a  small  cast-iron  stove  is  employed,  consisting 
of  two  cylinders  inserted  one  within  the  other  and  connected  together 
air-tight.  In  the  inner  cylinder  is  a  fire  grate  on  which  a  light  fire  is 
maintained.  The  air  pressure  is  made  to  circulate  through  the  annu- 
lar space  between  the  two  cylinders.  The  inner  cylinder  has  external 
ribs  fotmed  on  it,  so  that  the  air  pressure  is  brought  in  contact  with  a 
considerable  heating  surface  on  its  way  through. 

The  steam-boiler  and  compressor  can  be  arranged  as  a  portable 
engine,  so  as  to  enable  the  apparatus  to  be  readily  transported  from 
one  foundation  pit  to  another. 

This  method  of  constructing  foundations  may  be  compared  with 
the  ordinary  method  of  making  concrete  foundations,  in  a  similar 
manner  as  the  Bessemer  process  compares  with  the  puddling  process 
in  the  manufacture  of  iron.  In  the  Bessemer  process  the  blowing  of 
air  into  the  molten  pig  iron  causes  the  carbon  to  be  burned  and  a  solid 
metal  steel  is  j^roduced,  while  in  the  puddling  process  this  conversion 
is  effected  only  by  laborious  stirring.  In  the  new  process  of  making 
foundations  the  blowing  of  the  cement  into  the  stratum  of  liquid  sand, 
as  it  were,  converts  it  into  a  solid  bodv,  while  up  to  the  present  time 
this  was  also  only  effected  by  laborious  stirring. 
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As  the  entire  process  is  mainly  carried  out  by  machinery  and 
requires  only  a  small  amount  of  manual  labor,  foundations  can  be 
carried  on  rapidly  by  this  process. 

If  it  be  desired  to  transmit  the  pressure  which  the  foundations 
have  to  bear  to  a  substratum  below  that  upon  which  the  sand- 
bed  lies,  this  can  be  effected  by  driving  in  piles  to  the  required 
depth  before  the  cementing  process  is  commenced.  These  piles 
wall  then  be  completely  imbedded  in  the  sand  concrete  and  be  firmly 
united  therewith,  so  that  they  may  be  considered  as  part  of  the 
structure. 

If  it  be  desired  to  sharply  limit  the  lateral  dimensions  of  the  body 
of  sand  concrete,  or  to  protect  it  against  external  influences,  the 
foundation  pit  is  in  the  first  instance  surrounded  by  a  coffer-dam. 

The  hardening  of  the  sand  concrete  formed  as  above  described 
takes  several  weeks,  and  the  complete  hardening,  several  months,  as  in 
the  case  of  ordinary  concrete  under  water. 

On  the  accompanying  drawing  (Plate  I)  is  shown  the  necessary 
plant  for  carrying  out  the  above-described  process,  as  also  the  appli- 
cation thereof  for  some  cases. 

Fig.  la  shows  the  arrangement  of  the  steam-boiler,  compressor,  air 
reservoir  and  heating  stove  for  the  air-pressure  supply,  which  should 
always  be  situated  near  the  place  of  operation.  Fig.  1  shows  the  ap- 
plication of  the  process  for  consolidating  the  soil  round  a  brick  sewer 
so  as  to  insure  its  being  water-tight  against  the  surrounding  aqueous 
sand  stratum,  and  to  afford  it  a  rigid  bed  therein. 

The  sewer,  which  is  5  ft.  internal  height,  lies  in  quicksand,  and  had 
become  so  leaky  that  the  sand  penetrated  into  it  in  considerable  quantity. 
Owing  to  this,  the  road  pavement  and  also  the  neighboring  houses 
subsided,  so  that  it  became  urgently  necessary  to  provide  a  remedy. 
This  could  not  readily  be  done  in  the  usual  manner,  as  it  appeared 
very  hazardous  to  drive  coffer-dams  in  the  somewhat  narrow  street.  By 
applying  the  above-described  invention  the  sewer  was  made  perfectly- 
tight  and  secure  for  a  length  of  about  500  ft. 

Fig.  2  shows  an  application  of  the  process  in  the  harbor  of  Vege- 
sack  near  Bremen.  For  the  quay  wall  a  bulkhead  of  rolled  iron  was 
used.  Wood  could  not  be  used  for  this  j)urpose,  because  the  bed  ia 
very  stony,  and  because  in  consequence  of  the  ebb  and  flood  the  dam 
is  not  always  altogether  under  water.     Such  iron  dams  are  with  diffi- 
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eulty  made  completely  tight.  By  lilowiug  in  ccimout  bebiucl  the  Jam, 
it  was  rendered  perfectly  tight  aud  safe. 

Fig.  3  shows  the  arraugemeut  employed  for  experiments. 

A  simple  tripod  is  in  this  case  erected  for  suspending  the  lance 
tube,  while  in  the  previously  described  arrangements  a  movable  frame 
was  employed. 
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Chicago;  Am.  Inst.  Min.  Engrs. ;  Western  Society  of  Engrs. 


Prepared   for  the   International   Eng'ineerlnar  Coug-ress  of  the 
Columbian  Exposition,  1893. 


The  handling  of  cereals  on  a  vast  continent  naturally  becomes  a 
problem  of,  not  only  national,  but  universal  prominence,  and  ever 
since  the  forties  it  has  been  considered  one  of  the  jirincipal  problems 
encountered  by  the  commercial  element  of  the  United  States.  Realiz- 
ing the  importance  of  making  a  resume  of  the  progress  of  construction 
of  American  grain  elevators  as  short  and  concise  as  possible,  owing  to 
the  large  number  of  papers  to  be  brought  before  this  distinguished 
assembly,  the  writer  will  confine  himself  to  a  description  of  modern 
elevators  merely,  without  touching  ujion  the  history  of  grain  handling 
in  America  any  more  than  is  absolutely  necessary. 

The  modus  operandi  of  a  grain  elevator  is  about  as  follows: 
1.  A  power  car-puller  sets  a  string  of  cars  each  opposite  an  elevator 
leg,  or  vertical  grain  conveyor,  located  about  a  car-length  apart. 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1393. 
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2.  C'lir-dooi-H  aro  opouod,  two  shovelers  enter  oadi  trar  aud  handle 
oac'h  a  shovel  ojierated  hy  rope  from  a  power-shovel  sliaft  iu  the 
olevator. 

3.  The  ^raiu  drops  into  a  reeeiviug  hopper,  is  elevated  iu  bnckots 
l)olted  to  a  rubber  belt  150  ft.  to  the  toj)  floor  of  a  eujjola,  where  it  is 
diseharged,  in  turning  over  a  head  pulley,  into  au  acoumulator,  or 
garner,  aud  thence  into  a  weighing  scale. 

4.  From  the  scale  the  grain  is  spouted; 

a.  On  conveyor  belts  running  horizontally  and  discharging  over 

movable  ti-ipjiers  into  storage  bins.     (Storage  elevators.) 

b.  In  car  spouts  for  reloading  or  transferring.     (Railroad  transfer 

elevators.) 

c.  Directly  into  storage  bins. 

luto  shipping  bins  with  dock  spouts,  to  be  loaded  into  vessels. 
Into  car  spouts.     (Terminal  elevators  for  rajiid  handling  and 
storage. ) 

d.  Into  garners  above  cleaning  machinery.     (Cleaning  elevator.) 

5.  When  the  cars  are  emjjty  the  shovelers  take  with  them  the 
power-shovels  across  the  working  floor  (about  14  ft.)  to  a  string  of  cars 
set  in  on  the  opi^osite  side  of  the  elevator,  where  the  performance  is 
repeated,  while  the  first  string  of  empty  is  being  replaced  by  loaded 
cars. 

In  addition  to  the  four  classes  of  elevators  mentioned  we  have  the 
marine  elevators,  receiving  grain  in  bulk  from  vessels — usually  by 
means  of  one  stationary  and  one  movable  marine  leg — so  as  to  unload 
two  hatches  simultaneously.  The  grain  is  elevated  into  a  garner, 
weighed  and  re-elevated,  or  spouted,  on  conveyors  into  storage,  or 
transferred  into  cars. 

The  sixth  class  of  elevators  are  the  small  country  houses,  or  rail- 
road station  elevators,  where  grain  is  weighed  in  farmers'  wagons  and 
dumped  into  a  pit,  elevated,  stored,  and  for  shipment  re-elevated, 
■weighed  in  a  hopper  scale  and  spouted  into  a  car.  The  accompanying 
plates  explain  themselves,  and,  as  there  is  nothing  that  can  interest  an 
engineer  in  their  construction,  no  further  reference  will  be  made  to  them. 

The  Construction  of  Storage  Elevators. — The  want  of  additional  storage 
at  a  railroad  terminal  is  usually  dictated  by  immediate  demand,  and 
for  this  reason  this  class  of  elevators  is  constructed  usually  with 
greater  attention  to  cheapness  and  rapid  completion,  combined  with 
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strengtli,  than  to  meclianical  details.  There  have  been  cases  where  the 
problem  has  been  put  to  an  elevator  builder  in  this  way  :  "We  want 
3  000  000  bushels  of  storage,  with  a  handling  capacity  of  200,000 
bushels  per  day,  constructed  complete  within  45  days;  can  you  do  it  ? 
and  at  what  price  ?  If  the  builder  says,  "Yes;  I  can  do  it  at  5  cents  per 
bushel, "the  contract  is  signed  and  operations  commenced  at  once.  An 
excavation  is  made  about  18  ins.  deep,  if  in  clay  or  sand,  and  the  same 
covered  with  hewn  railroad  ties  in  such  manner  as  to  get  the  entire 
surface  as  a  basis  for  the  superimposed  load.  Three  or  four  timbers 
are  laid  side  by  side  in  bents  from  11  to  14  ft.  apart  across  the  ground, 
and  from  12  to  50  ft.  longitudinally.  Short  cross  corbels  are  rested 
thereon,  supporting  cross  and  longitudinal  timbers,  ujjon  which  the 
cribbing  is  spiked.  The  cribbing  consists  of  pieces  of  2  x  8  or  2  x  6 
common  pine  or  hemlock,  usually  surfaced  one  side  and  one  edge, 
laid  flat  on  the  top  of  each  other,  and  spiked  with  30d  sj^ikes 
every  12  ins.,  zig-zag.  The  two  first  cross  bents  of  the  elevator  are 
usually  built  on  posts,  so  as  to  form  a  working  floor  from  20  to  28  ft. 
wide  across  the  width  of  the  elevator.  Here  are  located  the  elevator 
legs,  or  vertical  grain  conveyors,  at  a  distance  of  from  36  to  40  ft.  from 
center  to  center,  according  to  the  length  of  the  freight  cars.  These 
legs  extend  into  the  ground  about  12  ft.  from  the  working  floor,  so  as 
to  be  able  to  take  grain  from  a  receiving  hopper,  extending  to  a  j^oint 
between  the  rails  of  a  track  running  alongside  the  front  of  the  elevator 
as  close  as  the  cars  will  j^ermit.  The  angle  of  the  receiving  hopper  with 
the  horizontal  is  in  the  neighborhood  of  35-,  or  2  to  3,  so  that  the 
comers  of  the  receiving  hoppers  will  clean  themselves  of  oats.  The 
height  of  the  planking,  in  the  rear  or  storage  i:>art,  varies  considerably 
according  to  the  value  of  the  building  site,  and  runs  from  40  to  85  ft. 
in  height.  Above  the  jjlanking,  i.  e.,  above  the  bin  floor,  a  so-called 
cupola  is  erected  directly  over  the  sjiace  before  designated  as  a  working 
floor.  In  this  cupola  a  series  of  scales  for  weighing  the  grain  re- 
ceived or  shipped  is  located,  and  inasmuch  as,  particularly  in  shipping, 
the  elevator  legs  receive  grain  all  the  time,  it  is  usual  to  locate,  im- 
mediately beneath  the  discharge  spouts  of  the  elevator  legs,  a  garner 
or  accumulator  above  each  scale  for  the  purpose  of  receiving  the  grain 
while  the  scales  are  weighing  and  unloading.  Another  system  of  some- 
what older  date  is  to  use  two  scales,  called  twin  scales,  for  each  eleva- 
tor, accomplishing  the  same  purpose.     On  the  bin  floor  immediately 
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benoatli  the  scales  aud  extending  longitniHnally  with  the  elevator,  is 
a  series  of  grain  conveyors,  consisting  simply  of  endless  belts  vary- 
ing in  width  from  IG  to  40  ins.,  on  the  lajijier  line  of  which  is  located 
a  so-called  tripper,  which  is  movable  on  a  track  running  from  one 
end  of  the  elevator  to  the  other.  In  receiving  grain  it  is  spouted 
down  on  said  conveyors,  and  the  tripper  is  located  above  the  bin  or 
reservoir  in  which  the  grain  is  to  be  stored.  The  speed  of  these  belts 
in  modei'n  elevators  is  abont  700  to  800  ft.  per  minute,  and,  although 
the  surface  of  the  belt  is  perfectly  flat,  the  cohesion  between  the 
kernels  of  grain  is  such  as  to  gather  the  grain  towards  the  center  of 
the  belt  in  such  manner  that  from  2  000  to  20  000  bushels  per  hour  can 
be  conveyed.  The  bin  bottoms  in  a  storage  elevator  of  this  kind  are 
usually  flat,  consisting  of  3  x  14  joists,  placed  about  9  in.  on  centers, 
and  covered  with  2x6  dressed  and  matched  flooring.  Sometimes  this 
floor  is  laid  directly  on  the  ties  on  sills,  but  this  practice  is  not  to  be 
recommended,  as  it  leaves  less  chance  for  ventilation.  For  unloading 
the  grain  from  the  elevator,  belt  conveyors  are  located  along  the  bin 
bottoms  at  convenient  distances  so  as  to  reach  the  front  receiving  or 
shipping  legs,  and  are  covered  with  planking  or  cribbing,  or  planking 
on  the  sides  with  timbers  overhead,  in  such  manner  as  to  form 
tunnels,  extending  from  the  working  floor  to  the  end  of  the  elevator. 

In  receiving  grain  from  the  cars,  a  train  consisting  of  as  many  cars 
as  there  are  receiving  legs  is  detached  by  means  of  a  power  car-jJuUer 
from  a  string  of  from  20  to  30  cars  set  in  by  a  switch  engine.  Owing 
to  the  different  lengths  of  the  cars,  they  are  detached  and  "  sjiotted  " 
or  located  each  ojjposite  a  receiving  leg.  The  exterior  covering  of  a 
storage  elevator  is  usually  of  corrugated  iron,  with  a  tin  or  aluminum 
alloy  roof. 

Inasmuch  as  the  elevator  legs  must  extend  some  8  or  10  ft.  into 
the  ground,  they  are  located  in  steel  tanks  of  }  to  -i%  material,  and,  to 
prevent  the  collapse  of  these  by  the  pressure  from  the  superstructure, 
it  is  a  good  practice  to  drive  a  few  jjiles  on  each  side  of  each  tank  and 
cap  them  with  timber  in  such  a  manner  as  to  bridge  the  tanks. 

As  for  time,  the  principal  item  in  rapid  construction  of  this  kind  is 
to  get  the  material  on  the  ground.  The  planking  or  cribbing  can  be 
done  at  the  rate  of  6  to  7  ft.  a  day,  so  the  main  structure,  from  the  top 
of  foundation  to  the  bin  floor,  can  be  finished  in  12  to  15  working  days, 
when  properly  managed. 
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"Wliere  the  bins  or  graiai  reservoirs  are  more  than  12  x  16  ft.  area, 
they  should  be  redded.  A  good  rule  for  calculating  the  rodding  of  a 
bin  is  to  imagine  a  bin  filled  with  grain,  turned  over  flat  and  the  side 
suspended  by  rods  running  through  the  grain.  As  the  rods  should  not 
exceed  |  in.  or  ^  in.  diameter  steel,  it  gives  a  space  between  the  rods 
in  large  bins  of  about  5  ft.  square.  Formerly  the  practice  was  to  in- 
crease the  diameter  of  the  rods  towards  the  bottom  of  the  bin,  but 
it  has  been  proved  that  the  horizontal  pressure  in  a  bin  is  j^ractically 
constant  from  within  15  ft.  of  the  top  to  the  bottom.  The  reason  for 
this  is  that  grain  such  as  corn,  wheat  and  oats  in  bulk  forms  a  jjeculiar 
bridging,  leaving  the  pressure  on  the  bottom,  under  ordinary  circum- 
stances, constant  for  any  height  above  twice  the  width  of  the  bin. 

Experiments  have  given  the  load  on  an  equilateral  bin  bottom  as 
very  nearly  equal  to  the  weight  of  a  paraboloid  of  a  height  1.8  times 
its  base,  and  this  fact  led  the  writer  to  make  the  bin  rods  the  same 
diameter  from  bottom  to  tojj  of  bin,  with  good  results. 

In  some  of  the  older  elevators  where  the  bin  rods  at  the  bottom  were 
from  IJ  to  2  ins.  diameter,  it  has  been  found  that  the  down  draft  of 
the  grain  in  unloading  the  bin  bent  the  rods  and  jaulled  the  washers 
into  the  bin  walls,  while  the  |  to  |  in.  rod  seems  to  cut  through  this 
suction  without  damage.  But  for  this  peculiarity  of  grain,  the  con- 
struction of  bin  bottoms  would  present  great  difficulties,  the  static 
load  figuring  tip  to  4  000  lbs.  per  square  feet. 

Railroad  Transfei'  Elevators. — The  second  class  of  elevators  are  the 
railroad  transfer  elevators.  Some  State  legislatures  have  during  the  past 
few  years  passed  acts  compelling  railroads  to  give  hopper  scale  weights 
on  transferred  grain,  and  as  a  result  a  number  of  transfer  houses  have 
been  built,  handling  from  100  to  300  cars  per  day.  Theii-  construction 
presents  few  difficulties,  as  they  have  no  storage  capacity  whatever. 

Two  tracks  run  entirely  through  the  building,  the  elevator 
machinery  being  placed  in  the  jalatform  space  between  the  tracks. 
The  cupola,  with  the  elevator  heads  and  scales,  is  located  directly  above 
the  first  floor,  at  a  height  to  give  sufficient  fall,  through  car  spouts,  to 
trim  or  fill  the  cars  without  the  use  of  manual  labor  in  the  cars. 

Terminal  Elevators. — The  third  class  of  elevators  refers  to  terminal 
houses  for  storage,  rapid  handling  and  shipinng,  either  by  lake  and  rail 
or  both.  In  general,  these  houses  are  termed  "  up  houses,"  /.  e.,  they  are 
entirely  built  on  posts,  in  such  manner  as  to  form  a  large  working  floor 
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bouoath  the  entire  storage  area.  From  three  to  four  railroad  tracks 
are  ruu  tlirotigb  the  eutire  length  of  the  house,  ami,  according  to  the 
number  of  cars  the  house  can  unload  simultaneously,  they  are  termed 
5-car,  8-car,  10-car  houses,  etc.  The  most  modern  construction  locates 
all  receiving  and  shii)ping  elevators  in  one  line,  with  receiving  tracks 
on  each  side,  thus  occupying  the  three  center  bents  of  the  elevator. 
The  loading  tracks  are  usually  located  in  the  outside  bents,  while, 
of  course,  the  center  tracks  are  arranged  for  shijiping  purposes. 
Owing  to  the  size  of  the  car,  the  transverse  bents  in  the  house  are  at 
least  13  to  14  ft.  each,  which  makes  the  house  either  56,  70,  84  or  98  ft. 
wide.  Longitudinally  the  bents  usually  are  in  succession,  12,  12  and. 
14  ft. ,  leaving  the  elevator  legs  at  a  distance  of  38  ft.  from  centers. 
At  the  end  of  the  elevator  the  j)ower-house  is  located,  in  such  manner 
that  one  of  the  loading  tracks  passing  through  the  house  also  passes 
the  engine-house,  so  that  coal  may  be  received  from  one  end  while 
grain  is  loaded  into  cars  going  in  an  oj)posite  direction.  All  bin  bot- 
toms in  a  house  of  this  description  are  hopper  bottoms,  and  all  bin 
openings  of  a  diameter  sufficient  to  fill  elevator  legs  or  conveyors  to 
their  full  capacity. 

A  modern  rapid-working  terminal  elevator  is  equipi3ed  with  the 
very  best  machinery,  electric  lights,  fire  pump  and  service,  passen- 
ger elevator,  dust  collectors  and  floor  sweepers — in  short,  all  contriv- 
ances that  will  cheaj)en  or  lessen  labor  and  promote  rapid  handling  of 
the  grain.  As  the  entire  building  rests  on  posts,  the  loads  are  concen- 
trated at  certain  points.  The  load  per  pier  varies  from  300  to  450  tons, 
and  as  the  safe  bearing  capacity  of  the  soil  seldom  exceeds  2|^  to  3 
tons,  piling  is  resorted  to,  with  cross  and  longitudinal  oak  grillage  and 
stone  piers.  As  the  entire  load  of  grain  is  thrown  on  the  bin  walls, 
the  girders  supporting  these  walls  between  the  clusters  of  posts  must 
be  of  a  very  strong  construction,  usually  two  12  x  14  long-leaf  yellow 
pine  or  oak  sticks,  on  top  of  each  other,  supported  by  white  oak  cor- 
bels braced  back  into  the  posts  below.  Formerly  the  entire  basement 
was  taken  uj)  by  stone  jjiers  and  elevator  tanks,  but  the  tendency  is 
now  towards  using  less  stone  and  extending  the  posts  into  the  base- 
ment, leaving  it  o^jen  and  concreted  smoothly,  so  as  to  enable  the 
removal  of  the  dust  and  the  admission  of  light  below  the  first  floor. 
Fireproof  construction  of  the  first  floor  and  basement  is  much  to  be 
recommended,  although  it  materially  increases  the  cost  of  the  elevator. 
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Cleaning  Elevators. — Under  the  head  of  cleaning  elevators  we  en- 
counter the  most  complicated  construction  and  the  greatest  variety  of 
details.  The  writer  will,  however,  confine  himself  to  what  has  been 
adjudged  the  most  improved  arrangement. 

The  receiving  department  of  a  first-class  cleaning  elevator  is  prac- 
tically that  of  an  up-house  or  handling  house,  as  may  be  seen  by  refer- 
ring to  the  accompanying  sketch.  Between  the  first  and  bin  floors  is, 
however,  inserted  a  cleaning  floor,  a  separate  department  with  garners 
above  and  gamers  beneath.  In  this  manner  the  grain  from  the  scales 
is  spouted  into  the  gamers  ;  thence,  by  gravity,  through  the  cleaners 
into  the  lower  bins,  whence  it  is  elevated  and  spouted  into  storage, 
shipping  bins  or  car  spouts.  By  enabling  a  number  of  small  bins 
overhead  and  below  the  cleaning  floor  to  communicate  with  the  clean- 
ers, it  can  readily  be  seen  that  any  mixing  or  grading  can  be  done 
without  difficulty. 

If  cleaners  are  located  on  first  floor  or  bin  floor,  elevator  legs  are 
required  for  either  taking  away  from  or  sujjplying  the  cleaners,  and  as 
the  capacity  of  a  leg  is  5,000  to  6,000  bushels  per  hour,  while  a  cleaner 
only  averages  2,000  and  an  oat-clipper  500  bushels,  it  is  clear  that  there 
is  a  waste  of  machinery  in  this  arrangement. 

The  dust  from  the  cleaning  machinery  is  blown  into  separators 
or  cyclones,  and  exhausted  by  a  powerful  fan  and  blown  into  a  large 
separator  located  directly  above  the  boiler  furnaces,  where  the  dust 
and  chafi"  form  a  material  i^art  of  the  fuel.  The  floor-sweepers  before 
alluded  to  consist  of  6-in.  suction  pipes  extending  to  the  floor,  where  a 
nozzle  is  attached,  flat  flared  out,  with  a  sliding  gate.  Any  sweepings 
are  brought  in  the  vicinity  of  the  nozzle,  the  gate  is  pulled  out,  and  the 
sweepings  are,  a  few  seconds  later,  consumed  in  the  boiler  furnace. 

In  a  similar  manner  the  dust  from  the  elevator  heads,  garners 
and  hoppers  is  disj)Osed  of.  The  surplus  air  from  the  fans  in  the  clean- 
ing machinery  is  thrown  into  a  couple  of  large  air  conduits  discharg- 
ing above  the  cupola  roof. 

The  storage  of  a  cleaning  elevator  of  this  descrijition  consists  of  an 
annex,  loaded  and  iiuloaded  by  means  of  belt  conveyors.  The  annex 
should  have  hojjper  bottoms,  and  is  shown  in  the  accompanying 
plate  built  on  ties,  while  the  front  or  cleaning  j^art  is  built  on  jjiles. 
Owing  to  a  certain  shrinkage  in  the  planking,  or  cribbing,  many 
difficulties  are  often  met  where  an  up-house  joins  a  low  annex,  as  while 
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tlio  posts  iu  the  formor  n-tiiiii  tlu-ir  k'ugtli,  tlu-  phiuking  iu  the  low 
iiuuox  sliriuks  several  iucbes  iu  the  snuu-  ln>ight.  This  is  usually 
remedied  by  giving  the  cross  timbers  rnuuiug  iuto  the  auuex  a  cor- 
responding camber,  so  that  wheu  the  house  has  settled  it  will  be 
uearly  level. 

JSome  builders  erect  the  entire  cupola  of  auy  elevator  on  iudepen- 
dent  posts  extending  through  the  bins,  to  counteract  any  influence  of 
the  shrinkage  on  the  driving  machinery,  but  the  writer's  experience  is 
that  the  cribbing  shrinks  so  evenly  that  no  material  trouble  occurs 
on  this  score,  so  that  he  considers  it  advisable  to  build  the  cupola 
directly  on  the  cribbing. 

As  to  the  driving  machinery  in  grain  elevators,  it  has  changed 
materially  during  the  past  six  or  eight  years.  The  most  approved 
method  to-day  is  a  high-speed  engine  with  manilla  rope  transmission 
from  the  engine  to  the  last  piece  of  macliinery  in  the  elevator.  In  a  clean- 
ing house  the  cleaner  shaft  should  run  about  250  revolutions  per 
minute,  as  the  cleaning  machinery  runs  at  a  speed  from  400  to  550 
revolutions  per  minute,  and  the  engine  from  100  to  150  revolutions  ^ler 
minute.  A  direct  roi^e  transmission  from  a  main-line  shaft  in  the 
cupola  to  each  of  the  elevator  head  pulleys  is  found  to  give 
satisfaction.  The  usual  practice  is  to  have  eight  strands  of  1-in.  rope 
for  each  transmission,  the  rope  speed  being  only  about  750  ft.  per 
minute.  It  is  very  important  that  all  the  machinery  in  an  elevator  be 
strictly  first  class  in  every  respect,  as  any  hitch  or  slip  in  the  driving 
gear  is  sure  to  cause  serious  chokings  of  the  grain  where  it  enters  the 
elevator  leg. 

Grain  elevators  are  usually  covered  with  either  brick  or  iron;  in 
case  of  brick  the  unevenness  in  the  settling  between  the  exterior  brick 
shell  and  the  main  structure  is  taken  care  of  by  means  of  anchors  with 
slip  joints,  permitting  the  planking  to  go  down  12  to  24  ins.  without 
disturbing  the  tie  between  both  parts.  In  case  of  corrugated  iron 
covering,  the  sheets  are  put  on  with  corrugations  running  vertically, 
and  nailed  4  ins.  from  the  lower  edge  only,  so  that  the  shrinkage  of 
the  planking  is  taken  care  of  separately  for  each  sheet. 

The  best  roofs  are  probably  the  I.  C.  old  process  charcoal  tin, 
although  last  year  a  large  cleaning  elevator  was  built  with  a  roof  of 
aluminum  alloy  metal,  greatly  reducing  the  weight  and  having  the 
advantage  of  not  requiring  painting. 
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The  principal  requirements  of  a  grain  elevator,  namely,  strength, 
tightness,  light,  and  effective  and  accessible  machinery,  are  such  as  to 
invite  the  attention  of  engineers;  and  before  closing  the  writer  wishes  to 
say  that  the  handling  and  storing  of  grain,  both  in  the  Interior  and  at 
the  lake  and  ocean  terminals,  ijresents  a  wide  field  for  future  discovery 
and  improvements.  Some  of  the  immediate  wants  are :  larger  capacity 
cleaning  machinery,  adequate  drying  apparatus,  automatic  weighing 
machinery,  fireproof  bin  construction,  and  j^neumatic  unloading  of  cars 
or  vessels  with  a  view  of  greater  capacity  per  hour  than  can  be  obtained 
at  present.  And  last,  but  not  least,  a  general  use  of  electricity  for 
driving  isolated  parts  of  machinery,  or,  perhaps,  for  transmitting 
power  to  every  piece  of  machinery  in  the  entire  elevator. 

The  main  principles  which  must  be  kept  in  view  while  making  these 
improvements  are  rapidity  and  economy  of  construction,  and  a  reduc- 
tion of  the  labor  employed  in  the  handling  of  grain  in  American  grain 
elevators  of  the  future. 
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THE  MANUFxVCTURE  AND  USE  OF  PAVING  BRICK. 
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Prepared    for   the    International   Engineering   Congress  of  the 
Colnmbian  Exposition,   1S93. 


The  generic  term  brick  includes  witliin  its  meaning  classes  of 
material  of  sucli  wide  variations  in  their  particular  qualities  as  to  need 
a  more  definite  classification  when  considering  the  adaptability  of  such 
classes  to  particular  purposes.  Not  all  brick  are  qualified  to  with- 
stand the  high  heat  of  the  blast  furnace  which  firebrick  so  well  resist; 
neither  are  all  brick  suitable  for  the  decorative  work  so  well  performed 
by  enameled  and  pressed  brick.  So,  when  we  consider  a  certain  class 
of  this  material  for  street  leaving,  it  must  not  be  confused  with  other 
classes  manufactured  for  other  jiurposes  and  perhaps  entirely  unfit  for 
this  particular  use. 

These  manifold  qualities  of  brick  are  due  partially  to  methods  of 
manufacture,  but  more  largely  to  greatly  diversified  qualities  of  the 
clay  from  which  the  brick  are  made. 

Note —Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  iu  the  number  for  December,  1893. 
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Occurrence  and  Bifitrihution  of  Clays. — Clays  may  be  classed  as  to 
their  origin  and  occurrence  as  follows: 

I. — Residuary  clays  result  frem  the  disintegration  of  rocks  in 
place.  The  soluble  and  binding  materials  are  leached  out  and  washed 
awav  and  leave  the  insoluble  materials  in  a  more  or  less  di%T[ded  form, 
as  clay.  This  takes  its  character  from  the  character  of  the  rock  from 
which  it  is  derived,  modified  by  the  action  of  water.  Some  of  the 
purest  clays  are  derived  in  this  way  from  feldspathic  rocks  from  which 
the  alkalies  have  been  leached,  leaving  a  clay  closely  resembling 
kaolin  (pure  clay).  Other  less  jjure  clays  are  derived  from  the  dis- 
integi-ation  of  limestone,  sandstone,  etc. ;  in  each  case,  however,  the 
soluble  constituents  are  almost  entirely  gone,  leaving  the  insoluble 
silicates,  quartz  grains,  alumina  and  ferric  oxide.  Clays  Nos.  1,  2  and 
3  in  Table  No.  1  are  examples  of  this  class  of  clays. 

TABLE  No.   1. 


Eesiduary  Clays. 

Drift  Clays. 

From  Limestone. 

From 
Grauite. 

SiOj  

1. 

71.13 

12.50 

5.52 

.45 

.45 

.02 

.04 

.85 

.38 

2.19 

1.69 

4.(i3 

.4J 

.19 

.... 

2. 

49.59 

18.64 

17.19 

.27 

.28 

.03 

.01 

.93 

.73 

.80 

.93 

10.46 

.30 

.34 

3. 
78.83 
13.43 
.74 

Vei 

.07 

.07 

.37 

6.45 

.... 

4. 

40.22 

8.47 

2.83 

.48 

.35 

.05 

trace 

15.6.5 

7.80 

.84 

2.36 

1.95 

18.76 

.3J 

.13 

5. 
48.81 

A1,U3 

7.. 54 

Fe,03 

2.53 

FeO 

.65 

TiOj 

.45 

P„Or 

.13 

MuO 

.03 

CaO 

11.  S3 

MgO 

7.03 

>a,0 

KjO 

H,0 

CO2 

.92 
2  60 
2.00. 
15.47 

C 

SO 

.38 
.05 

Nob.  1  and  2  are  from  the  same  vertical  section.  No.  1  being  4>^  ft.  from  the  surface,  and 
No.  2.  8i^  ft.  from  the  surface  and  in  contact  with  the  underlying  limestone.  (Report  of 
Director U.  S.  G.  S.,  Vol.  6,  p.  250.     No.  3,  see  Wis.  Geo.  Survey,  Vol.  2,  p.  47G.) 

II. — Drift  clays  are  the  result  of  the  mechanical  action  of  the 
ice  during  the  Glacial  period,  by  which  the  various  formations  were 
ground  up  and  mechanically  transjiorted  and  redeposited  largely 
without  the  aid  of  vv^ater.  These  clays  represent  the  character  of  the 
mother-rock  much  more  accurately  than  those  of  Class  I,  as  in  this 
case  the  soluble  matter  is  largely  retained  and  not  leached  out,  ex- 
cept by  the  action  of  the  water,  since  their  deposition.     Of  this  class 
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Nos.  4  ami  5  of  Table  No.  1  are  drift  clays  from  Milwaukee,  Wis. 
(see  U.  S.  G.  S.,  6th  Annual  Report,  p.  280). 

III. — Alluvial  clays  are  residuary  and  drift  clays  rewrought  and 
redeposited  by  fluvial  agencies. 

IV. — Indurated  clays,  or  argilaceous  rocks  and  Bhalea,  are  forma- 
tions resulting  from  the  disintegration  of  the  earlier  rocks  by  various 
influences  and  their  reformation  into  new  strata.  They  have  usually 
been  subjected  to  great  jiressure  from  the  superincumbent  rocks,  to 
which  i^ressure  they  owe  their  physical  character  to  a  large  extent. 

Of  these  three  classes,  the  residuary  clays  (Class  I)  are  found  wher- 
ever rocks  and  the  result  of  their  disintegration  have  been  undisturbed 
by  fluvial  or  drift  influences,  and  are  hence  found  largely  outside  the 
drift  areas.  The  clays  of  Class  II  are  found  v.ithin  the  drift  sheet  and 
constitute  the  common  lirick  clays  of  the  Northern  States  (see  Plate  I). 
Those  of  Class  ITT  occur  along  the  various  river  courses;  while  those  of 
Class  TV  occur  in  the  many  geological  horizons,  which  we  may  briefly 
summarize  as  follows,  beginning  with  the  oldest  and  lowest  geological 
horizon.  The  clays  occur  in  the  Potsdam  strata  as  shales  interbedded 
"with  the  sandstones. 

In  the  Utica  slate  (sometimes  considered  the  lower  member  of  the 
Hudson  River  formation)  as  a  dark  carbonaceous  clay  slate,  hard  in 
Pennsylvania,  soft  in  New  York,  sometimes  interbedded  with  im^jure 
limestone. 

In  the  Hudson  River  shale  as  shales  and  slates  more  or  less  inter- 
bedded with  limestone  {over  5  000  ft.  thick  in  Pennsylvania  and  200  ft. 
thick  in  Illinois). 

In  the  Salina  (or  Onondaga  salt  group)  as  a  red  shale  (in  New  York 
State,  from  1  to  500  ft.  thick). 

In  the  Devonian  as  the  Marcellus  shales,  a  black  slate,  somewhat 
bituminous.  As  the  Hamilton  grouj},  consisting  of  slates,  shales  and 
sandstones,  300  to  700  ft.  thick;  as  the  Genesee  formation,  the  black 
slate  of  the  West  and  South;  as  the  Portage  group,  consisting  of 
shales  and  flagstones;  as  the  Chemung  group,  consisting  of  thin 
bedded  shales,  sandstones  and  flagstone. 

In  the  Carboniferous,  in  which  are  developed  the  most  extensive 
beds  of  fire  clays,  potters'  clays,  shales,  soapstone,  etc.,  interbedded 
with  sandstone,  limestone  and  coal  (see  map). 

In  the  Triassic,  which  usualh  consists  of  dark  sandstones,  soft 
shales,  and  coarse  conglomerates. 
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In  the  Cretaceous  and  Tertiary,  which  consists  of  earthy  forma- 
tions of  sand  and  clays. 

Of  the  deposits  of  clay  above  named,  the  clays  from  the  Carbonifer- 
ons  period  are  most  widely  utilized  for  the  manufacture  of  pa\dng 
brick.  At  Columbus,  O. ,  the  Devonian  shales,  or  the  product  of  their 
disintegration,  is  utilized,  while  at  Syracuse  the  Salina  shale  is  found 
available.  Some  few  drift  clays  are  also  successfully  used  for  the  manu- 
facture of  a  fair  quality  of  paving  brick,  notably  at  Decatur,  Jackson- 
ville and  Urbana  in  Illinois.  A  mixture  of  drift  clay  and  carboniferous 
clay  is  utilized  at  Brazil,  Ind. ,  for  the  manufacture  of  paving  brick. 

The  accompanying  map  shows  the  distribution  of  the  carboniferous 
dejDOsits  east  of  the  Bocky  Mountains  and  also  the  outline  of  the  drift 
area.  It  also  shows  the  location  of  the  i^rincipal  i)aving  brick  factories 
and  the  princii^al  cities  which  are  now  using  this  material  for  leaving 
within  the  territory  shown. 

Character  of  Clay. — As  may  be  judged  from  its  wide  occurrence  and 
manifold  compositions,  clay  varies  widely  in  its  extreme  characters. 
But  all  materials  to  be  classed  as  clays  must  have  certain  constituents 
in  common.  The  essential  ingredient  is  a  hydrous  silicate  of  alum- 
ina, known  as  kaolin,  which,  according  to  Professor  G.  H.  Cook 
(see  report  on  the  Clay  Deposits  of   New  Jersey,   1878)  is  composed 

of— 

Silica 46.3 

Alumina 39 . 8 

Water 13 . 9 

100.00 
This  may  be  considered  a  pure  clay,  and  is  rarely,  if  ever,  found 
in  Nature.  To  this  is  commonly  added  in  varying  quantities,  silica, 
lime,  magnesia,  ferric  oxide,  jiotash  and  soda.  The  presence  of  these 
substances,  which  may  be  regarded  as  the  impurities  of  clay,  and  the 
physical  condition  under  which  they  exist,  cause  the  wide  variation  in 
the  clays  themselves  and  to  a  great  extent  in  the  manufactured  pro- 
duct made  therefrom.  There  are  also  many  other  foreign  constituents 
which  are  occasionally  found  in  clays,  but  the  above  enter  more  largely 
and  modify  more  widely  the  material  as  commonly  obtained  and 
utilized. 

Character  Due  to  Chemical  Constitution. — Pure  alumina  will  resist  the 
highest  temperature  of  the  blast  furnace,  in  which  crystalline  quartz 
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(silica)  will  be  only  slightly  aflfected,  V)oth  being  practically  infusible. 
Alumina  shrinks,  warps  and  cracks  greatly  in  drying,  but  gives  i)lastic- 
ity  and  adhesiveness  to  the  clay  and  strength  to  the  product.  Silica 
prevents  cracking  and  distorting,  the  more  silica  being  present  the 
less  the  shrinkage.  But  the  more  silica  the  less  plasticity  and  ad- 
hesiveness of  the  clay  and  the  less  strength  and  greater  brittleness. 
Lime  and  magnesia,  while  infusible  in  themselves  or  with  alumina,  fuse 
in  the  presence  of  an  excess  of  silica,  as  do  also  several  other  common 
ingredients  of  clay,  and  form  a  "  vitrified  brick." 

It  is  found  that  potash  has  the  most  active  fluxing  eflfect  on  clay, 
after  which  follows  soda,  lime,  magnesia  and  iron,  in  the  order  named. 
To  "  vitrify,"  a  clay  should  contain  at  least  S%  potash,  or  S\%  of 
soda,  or  S^  of  lime  or  magnesia,  or  S%  iron,  or  a  combined  propor- 
tion of  any  or  all  of  these  fluxes  equal  to  these  amounts.  An  appre- 
ciable less  amount  of  these  fluxing  elements  will  leave  the  j^roduct 
more  of  the  nature  of  a  firebrick,  unvitrified  and  porous,  and,  as  a 
rule,  unfit  for  paving  jjurposes.  A  gi'eater  ijroportion  than  above 
specified  is  desirable,  and  will  make  the  clay  more  easily  vitrified  at  a 
less  heat,  and  is  to  some  extent  a  measure  of  its  economic  manu- 
facture, as  a  lower  heat  and  consequently  less  fuel  will  be  required  in 
its  burning.  Too  great  an  amount  of  these  fluxes,  amounting,  i^er- 
haps  to  three  times  the  quantities  above  mentioned,  will  render  the 
clay  hard  to  handle  on  account  of  great  fusibility.  According  to 
Eichter,  lime  and  magnesia  are  more  active  fluxing  agents  than  potash 
and  soda,  but  his  conclusions  do  not  agree  with  American  experience. 
The  presence  of  lime  or  magnesia  in  a  paving  brick  in  reasonable 
quantities  is  not  believed  by  the  writer  to  be  detrimental  to  the  brick 
if  it  exists  in  a  finely  divided  state  and  is  intimately  commingled  with 
the  other  constituents,  so  that  a  silicate  of  lime  or  magnesia  will  be 
formed  in  the  burning.  The  Milwaukee  building  brick  is  one  of  the 
best  of  common  brick,  and  it  contains  a  large  percentage  of  lime  (see 
analysis  Milwaukee  clays.  Tables  Nos.  1  and  2),  and  Portland  cement 
contains  often  as  high  as  60"5  of  lime.  In  each  case,  however,  the 
lime  exists  m  close  chemical  or  physical  union  with  the  other  elements 
of  the  material. 

Iron  in  considerable  quantities  has  a  fluxing  eff'ect  with  silica  and  to 
this  extent  cements  it  together  and  gives  it  strength.  It  is  not  the 
most  valuable  of   constituents  in  this  regard  however,  and  its  iiresence 
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is  not  essential  to  a  first-class  paving  brick.  Iron,  when  present,  is 
usually  in  the  form  of  hydrous  peroxide  or  protoxide  of  a  yellowish 
or  bluish  color.  During  the  burning,  the  water  of  crystallization  is 
expelled  and  the  iron  takes  the  form  of  the  red  peroxide,  giving  its 
color  to  the  material  in  proportion  to  the  amount  present. 

The  presence  of  lime,  however,  affects  this  result  as  when  this  occurs 
a  compound  silicate  of  lime  and  iron  is  formed  which  is  white  or 
cream  in  color.  A  black  color  in  brick  is  usually  due  to  the  presence 
of  organic  matter  in  the  clay. 

Potash  and  soda  fuse  at  a  lower  temperature  than  the  other  con- 
stituents of  clay,  and  their  presence  in  suitable  quantities  is  desirable 
for  the  manufacture  of  vitrified  i)aving  brick. 

In  Table  No.  2  the  analyses  of  various  paving  brick  clays  are  given 
with  that  of  some  other  noted  clays  for  comparison.  These  analyses 
have  been  compiled  from  a  variety  of  sources,  too  numerous  to  be 
mentioned  in  detail. 

Character-  Due  to  Physical  Condition. — The  influence  of  physical  con- 
dition is  equally  important  to  that  of  chemical  character.  Many  of 
the  clays  from  the  older  formations  have  been  compressed  and  consol- 
idated and  form  slates  and  other  hard  argillaceous  rocks;  others  less 
comi^act  form  the  shales,  while  others  exist  in  a  jjlastic  form.  There 
is  a  marked  difference  in  their  adaptability  for  manufacturing  use 
under  these  varying  conditions,  and  the  methods  of  manufacture  must 
be  largely  determined  by  them.  If  a  clay  i3  not  found  naturally  in 
a  plastic  condition,  it  must  be  reduced  to  a  finely  di%"ided  state  by  me- 
chanical means  before  it  can  be  tempered  and  made  into  paving  brick. 
While  as  previously  noted,  the  fusing  of  clay  depends  on  its  constitu- 
ents to  a  great  extent,  yet  its  physical  condition  also  modifies  this 
quality  largely.  Coarse  clay,  even  with  considerable  of  the  fluxing 
materials,  will  resist  considerable  heat.  The  more  finely  clay  is  ground, 
the  more  easily  it  is  vitrified  and  the  tougher,  stronger  and  more  im- 
pervious its  produce  becomes.  Fineness  in  grain  is  an  essential  feature 
of  the  best  paving  clays. 

The  ingredients  of  the  clay  exist  in  various  forms  which  affect  the 
clay  and  its  product.  The  uncombined  silica  may  be  more  or  less 
finely  divided  and  its  condition  has  its  effects  on  the  action  of  the 
fluxes.  In  clays  derived  from  feldspathic  or  micaceous  rocks,  undecom- 
posed  feldspars  and  micas  sometimes  occur.     Lime,  instead  of  being; 
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finely  divided,  may  occur  as  lumps  or  pebbles,  in  wliich  condition  it 
will  unite  with  the  other  ingredients  only  on  its  surface,  the  balance 
burning  into  caustic  lime,  which  on  exj^osure  will  gather  moisture  and 
slack,  disintegrating  and  crumbling  the  brick. 

In  general,  a  clay  which  will  not  readily  melt  and  run,  and  yet  one 
which  will  fuse  and  vitrify,  but  keep  its  shape,  is  essential  to  the  manu- 
facture of  the  best  j^aving  brick.  Analysis  and  physical  examination 
will  point  out  the  probability  of  the  develoi)ment  of  certain  character- 
istics in  the  manufactured  jjroduct,  but,  after  all  is  done,  the  only 
thorough  test  is  the  working  of  the  clay  by  suitable  methods  and  its 
jjroper  burning. 

Mining. — The  methods  of  mining  clays  depend  entirely  on  their 
manner  of  occurrence  and  physical  condition.  With  the  softer  clays, 
lying  in  beds  which  may  be  mined  from  bluffs  or  in  open  pits,  the 
steam  shovel  may  be  used  to  excavate  and  deposit  them  in  cars  which 
is  the  cheapest  method  of  handling  large  quantities  of  clay.  "With  the 
harder  clays  the  same  method  of  loading  may  be  utilized,  but  the  clays 
must  first  be  loosened  by  powder  or  dynamite.  When  a  steam  shovel 
is  not  iised,  wheel  or  drag  scrapers  may  be  utilized  for  short  distances, 
or  carts  and  wagons  filled  by  shovelers  may  be  used  where  the  haul  is 
longer.  Winding  drums  with  automatic  dump  cars,  running  by  grav- 
ity to  the  i)it,  are  popular  in  open-i^it  mining,  and  cars  with  horse- 
jiower  are  used  in  pit,  drift  or  shaft  mining.  The  various  forms  of 
electric  motors  and  wire-rope  tramways  may  also  be  utilized  for  the 
transportation  of  clays  from  pit  to  factory;  all  depending  on  the  rela- 
tive location  and  conditions  governing  the  same. 

TJie  Manufacture  of  Brick.— T]ie  greatest  diversity,  both  in  the  mechan- 
ical and  chemical  constitution  of  clays,  renders  the  question  of  method 
of  manvifacture  a  difficult  one,  and  a  new  factory,  using  a  new  and 
untried  clay,  is  always  more  or  less  experimental;  for  the  knowledge  of 
the  successful  utilization  of  one  clay  is  not  wholly  api^licable  to  another. 

All  clays  are  improved  by  being  loosely  thrown  up  and  exi)Osed  to 
the  action  of  sun,  rain  and  frost,  all  of  which  tend  to  disintegrate 
and  make  them  more  readily  workable.  Some  clays  are  improved  by 
thoroughly  wetting  and  allowing  them  to  lie  in  this  condition  for  a 
day  or  more.  This,  to  some  extent,  takes  the  place  of  weathering.  The 
nearer  homogeneous  and  fine  grained  a  clay  naturally  occurs,  the  fewer 
processes  necessary  in  handling  it. 
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Soft,  homogeneous  flay  may  be  run  tlin)iii,'li  rollers,  to  criisli  the 
lumps,  anil  from  the  cnishor  it  may  go  directly  to  the  brick  machine, 
although  it  is  usually  desirable  to  run  it  first  through  a  pug  mill  for 
proper  tempering.  Lumpy  clay  of  medium  hardness  can  be  pulverized 
by  the  granulator,  but  the  indurated  clays,  shales,  etc. ,  are  best  treated 
bv  the  dry  or  wet  pan,  the  former  being  usually  the  most  available  for 
the  rapid  manufacture  of  large  quantities  of  brick. 

Indurated  clay,  when  pulverized  by  one  of  the  methods  mentioned, 
is  greatly  improved  by  being  tempered,  or  "pugged,"  24  hours  or 
more,  before  being  used  in  the  brick  machine,  although  this  is  not 
usually  done  in  the  manufacture  of  paving  brick.  It  should  always, 
however,  be  reduced  to  an  impalpable  powder  and  thoroughly  mixed 
with  water  before  being  molded  into  brick. 

The  common  method  of  making  building  brick  is  by  what  is  called 
the  soft-mud  process,  in  which  the  simplest  of  brick-making  machinery 
is  used.  This  is  used  only  to  a  very  limited  extent  in  the  manufactui-e 
of  paving  brick,  Bloomington,  111.,  being  the  only  place  familiar  to 
the  writer  where  this  process  is  still  used. 

The  dry -press  process  of  brick  manufacture  has  not  as  yet  come 
widely  into  use  for  the  manufacture  of  paving  brick,  although  certain 
clays  might  be  worked  by  this  method.  As  a  rule,  however,  a  dry 
press  does  not  bring  the  materials  of  the  brick  into  such  close 
union  as  is  done  by  tempering  ^\ith  water.  To  be  readily  vitrified,  a 
clay  must  contain  a  larger  percentage  of  fluxing  materials  to  be  suit- 
able for  manufacture  by  this  process.  The  writer  understands  that 
some  paving  brick  are  being  made  at  Middleport,  O. ,  and  Louisville, 
Kj.,  by  this  method,  although  he  has  not  seen  them. 

What  is  known  as  the  stiff-mud  process  is  the  one  usually  adopted 
for  the  manufacture  of  paving  brick  and  seems  to  be  the  best  adapted 
ior  the  present  cu-cumstances  of  its  manufacture. 

The  clay,  if  indurated,  is  first  reduced  to  a  powder,  usually  by 
means  of  the  granulator  or  dry  pan,  and  then  thoroughly  tempered  in 
a  suitable  pug  mill  before  passing  to  the  brick  machine.  As  a  rule, 
the  longer  and  more  thoroughly  the  clay  is  worked  or  tempered,  the 
more  uniform  and  better  will  be  the  resulting  product. 

The  auger  machine  has  given  the  best  satisfaction  in  the  manufac- 
ture of  stiff  mud  brick.  Other  systems  have  been  tried,  but  they  have 
been  quite  generally  abandoned,  and  the  machine-makers  of  the  United 
States  have  adopted  this  type  of  machine  almost  universally. 
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On  leaving  the  machine,  the  brick  manufactured  by  this  jjrocess  are- 
dry  enough  to  handle,  and  they  are  jalaced  on  trucks  or  cars  and  conveyed 
at  once  to  the  dry  house,  unless  the  brick  are  to  be  re-pressed.  After 
lea\ang  the  brick  machine,  some  makers  re-press  their  brick  before  dry- 
ing. This  forms  them  into  more  symmetrical  shape  and  to  a  certain 
extent  compresses  them  and  aids  in  the  removal  of  laminations.  There 
is  no  doubt  that  the  brick  is  somewhat  improved  by  re-pressing,  and  it 
adds  much  to  the  appearance  of  the  finished  pavement,  but  it  is  not  in 
general  use  at  present.  Many  factories,  however,  furnish  both  com- 
mon and  re-pressed  leaving  brick. 

Drying. — Several  systems  of  drying  are  in  successful  use  among 
the  paviug-brick  manufacturers.  First,  by  a  hot  floor,  which  may  be 
produced  by  furnaces  or  steam  pipes  under  the  floor  over  which  the  brick 
are  hacked  to  dry.  Second,  by  slatted  floors  under  which  are  steam- 
piping  and  over  which  the  brick  are  hacked  to  dry.  Sometimes  a 
modification  of  this  method  is  used  in  which  the  dry  house  has  racks 
from  floor  to  ceiling  on  which  the  brick  are  j^laced  for  drying.  The 
third  system  consists  of  a  series  of  flues  or  tunnels  into  which  the 
brick  are  run  on  cars,  which  will  hold  about  500  brick  each.  These 
tunnels  are  heated  by  means  of  furnaces  or  steam  pipes.  In  all  cases 
it  is  necessary  to  provide  for  a  change  of  air  as  fast  as  the  air  in  the 
dry  house  becomes  saturated.  The  third  method  in  one  of  its  various 
forms  seems  best  adapted  for  handling  large  quantities  of  brick,  as  the 
brick  can  usually  bo  dried  in  from  18  to  36  hours  by  this  method,  where 
it  takes  from  one  to  five  days  on  the  dry  floor  and  from  five  to  ten  days 
if  dried  in  racks.  The  saving  in  time  and  cost  of  handling  by  the  use 
of  the  tunnel  system  is  considerable,  as  the  brick  are  j^laced  directly 
on  the  cars  from  the  brick  machine,  or  re-press,  and  are  not  handled 
again  until  the  car  is  run  into  the  kiln  with  the  dry  brick  ready  to  set. 
Any  of  the  above  methods  of  drying  places  the  manufacture  of  brick 
independent  of  the  weather. 

Outdoor  drying  is  a  method  too  slow  and  uncertain  for  practical  use 
in  handling  large  quantities  of  brick.  It  is  used,  however,  in  many 
factories  for  the  manufacture  of  building  brick  and  may  be  used  in 
small  paving  brick  factories,  for  summer  runs.  A  covered  rack  system 
is  the  best  when  outdoor  drying  is  to  be  attemjjted. 

Clays  vary  greatly  in  the  facilities  with  which  they  may  be  dried- 
Clays  highly  aluminous  must  be  dried  with  great  care  and  often  very 
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slowly,  otherwise  they  warp  auil  crack,  while  those  with  much  silica 
will  stand  forced  drying.  Hence,  the  method  of  drying  must  be 
selected  and  so  modified  as  to  suit  the  clay  used.  Thorough  drying 
greatly  facilities  the  burning  of  the  brick. 

Burning. — There  are  two  methods  used  for  burning  brick.  The 
ordinary  way  in  which  common  building  brick  are  burned  is  in  the 
ui)-draft  or  clamp  kiln.  This  furnishes  good  ordinary  brick,  but  it  is 
diflBcult  to  raise  the  heat  high  enough  to  jjrocure  a  large  percentage  of 
brick  fit  for  paving  purposes.  It  is  almost  impossible  in  this  class  of 
kilns  to  get  a  uniform  product,  the  arch  brick  being  very  hard  and  the 
top  brick  poorly  burned.  Not  over  ^0%  of  the  brick  in  a  kiln  is  avail- 
able for  "  pavers."  The  consequence  is  that  very  few  up-draft  kilns  are 
used  for  the  manufacture  of  paving  brick. 

In  up-draft  kilns  the  fires  are  built  in  arches  formed  at  the  bottom 
of  the  pile  of  brick  to  be  burned,  by  the  method  of  setting  the  brick 
themselves.  The  heat  rises  through  the  spaces  between  the  brick  by 
the  natural  draft,  which  is  regulated  by  a  plaiting  of  brick  laid  flat- 
wise and  close  together  on  top  of  the  kiln.  The  brick  in  this  jjlaiting 
may  be  set  on  edge,  leaving  a  space  of  2  ins.  between  brick  when  more 
draft  is  desired.  In  this  manner  the  draft  can  be  forced  to  such  por- 
tion of  the  kilns  as  is  necessary. 

The  down-draft  kiln  secures  a  uniform  and  much  higher  tempera- 
ture, a  large  percentage  of  the  brick,  from  80  to  90?o  ui  a  well-designed 
and  well-constructed  kiln,  being  suitable  for  paving  purjjoses. 

These  kilns  are  built  in  the  form  of  square,  oblong  or  circular 
brick  ovens,  having  fire  pockets  or  furnaces  built  in  their  outer  walls, 
at  uniform  distances  about  their  circumference.  The  bottoms  of  the 
kilns  are  perforated  more  or  less,  to  allow  the  gases  to  pass  through 
the  flues  which  are  beneath  the  floor,  and  which  lead  to  the  chimney. 
The  fixe  passes  up  from  the  furnaces  into  the  kilns,  then  down  through 
the  brick  to  be  burned  to  the  flues,  and  thence  to  the  chimneys.  The 
draft  in  these  kilns  is  much  greater  and  can  be  better  regulated,  and 
as  the  brick  are  all  inclosed  within  the  kiln  walls  and  roof,  there  is  not 
the  chance  for  the  cooling  of  the  outer  brick  as  in  the  clamp  kiln; 
hence,  a  more  uniform  and  higher  heat  is  possible.  In  either  style  of 
kiln,  coal,  oil  or  wood  may  be  used  as  fuel,  but  the  furnace  should  be 
constructed  with  due  regard  to  the  fuel  to  be  used. 

In   burning  brick,  the   fires   must   be   started  slowly  in  order  to 
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"water-smoke"  the  brick  without  cracking  them.  lu  the  brick,  as 
they  come  from  the  machine,  there  is  from  20  to  30%  of  water;  about 
50%  of  this  water  is  the  water  of  the  pores,  and  is  removed  at  a  tem- 
perature of  100-  Cent.  (212-  Fahr.).  In  the  drying  the  balance  is  lost 
at  a  temperature  of  about  760-  Cent.  (1400^  Fahr.)  in  the  burning. 
The  former  is  sometimes  called  the  water  of  the  j^ores,  the  latter  the 
water  of  composition.  There  is  usually  more  or  less  water  of  the 
pores  left  in  the  brick  after  drying,  although  it  is  imiiortant  to  avoid 
this  as  far  as  possible.  The  loss  of  the  physical  and  chemical  water 
.of  the  brick  is  accompanied  by  a  corresponding  loss  in  weight,  and  a 
considerable  shrinkage  in  the  dimensions  of  the  brick.  The  final  vitri- 
fication of  the  brick  is  a  change  in  physical  form,  not  in  chemical  com- 
position, and  consequently  a  change  in  dimension  but  not  in  weight 
may  be  noted. 

The  following  is  the  record  of  the  various  weights  and  dimensions 
of  one  make  of  paving  brick,  which  is  in  successful  use  in  a  number 
•of  cities,  during  the  different  periods  of  its  manufacture  : 


TABLE  No.  3. 

Showing  Vakious  Weights  and  Dimensions  of  Bkick  during 
DuTEKENT  Stages  of  Manufacture. 

Average  of  12  samples. 


On  leaving 
machine. 

On  leaving 
dryer. 

Burned,  not 

vitrified. 

Vitrified. 

Weight 

6.46  lbs. 
8^    ins. 
4to     " 
2-J       " 

5.79  lbs. 
8    ins. 

2i     « 

5.08  lbs. 
7J  ins. 

31     " 
2|     " 

5.03  lbs. 
75  ins. 

Breadth 

3|    " 

2      •' 

Slow  firing  is  continued  until  the  smoke  j^assing  off  shows  no  further 
signs  of  the  water-smoke  (steam),  after  which  the  fires  are  gradually 
raised  until  the  temperature  throughout  the  kiln  is  sufficient  to  vitrify 
the  brick,  at  which  point  it  is  held  until  they  reach  the  proper  jjoint 
of  vitrification,  which  is  shown  by  the  trial  pieces  or  whole  brick 
taken  out  through  inspection  holes  in  the  top  and  sides  of  the  kiln. 
After  this,  the  kiln  is  gradually  cooled  down  and  the  brick  removed. 
Too  rapid  cooling  is  detrimental,  as  the  brick  are  rendered  very  brittle. 
By  slow  cooling  the  brick  are  annealed  and  rendered  tough.     The  burn- 
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iuf?  occupies  from  two  to  four  days  for  wator-siaokiug,  from  four  to 
six  days  for  burning  proper,  and  from  three  to  five  days  for  eooling. 

Table  No.  -4  gives  some  details  of  the  methods  of  manufacture  as 
used  at  ditVorent  i)aviug  brick  factories  iu  the  United  States. 

Qualities  of  Pew  in  tj  Bric/i: — In  all  lines  of  practical  work,  exiDerience 
•wdth  a  given  material  is  the  only  satisfactory  method  of  determining 
the  value  of  its  various  i|ualities.  The  individual  and  characteristic 
lines  of  the  human  face  cannot  be  specified,  and  yet  by  them  a  friend 
is  recognized  and  character  is  largely  sliowTi.  In  the  same  way  it  is 
difficult,  if  not  impossible,  to  specify  the  limits  of  the  qualities  of 
brick  necessary  for  paving  purposes.  As  in  the  case  of  cement,  stone 
and  wood,  paving  brick  must  be  selected  with  due  reference  to  the 
uses  to  whicli  they  are  to  be  put ;  that  is  to  say,  to  the  nature  and  ex- 
tent of  the  traffic  they  are  to  encounter  and  the  character  of  the  climate 
they  are  to  withstand.  A  large  percentage  of  clays  are  undoubtedly 
capable  of  producing  brick  suitable  for  country  roads,  light  suburban 
travel  and  residence  streets  of  towns  and  cities.  From  many  can  be 
made  brick  which  will  withstand  the  moderate  traffic  of  the  smaller 
cities  of  from  30  000  to  50  000  inhabitants.  It  is  the  writer's  belief 
that  clays  can  be  found  which,  if  properly  manufactured  and  i^roj^erly 
l^laced  in  the  pavement,  will  out-rival  granite  under  the  heaviest 
traffic,  and  some  brick  are  now  made  which  it  is  believed  would  jsrove 
economical  under  such  traffic. 

The  color  in  a  brick  is  no  criterion  of  its  value  as  a  paving  brick 
when  comparing  brick  of  various  makes;  but,  in  inspecting  brick  from 
a  single  factory,  the  color  will  usually  furnish  a  faii-ly  safe  guide  as  to 
the  relative  hardness,  when  the  inspector  is  thoroughly  acquainted 
■with  the  particular  manufacture.  The  knowledge  gained  regarding 
the  relation  of  color  and  quality  in  inspecting  one  make  of  brick,  how- 
ever, can  seldom  be  used  in  that  of  another  make  from  a  different  local- 
ity. The  brick  vary  in  color  according  to  the  amount  of  burning.  As 
a  rule,  the  depth  of  color  increases  -with  the  increased  burning.  This 
is  true  only  where  the  brick  are  not  salt  glazed,  which  should  never  be 
allowed  in  those  for  leaving  purposes. 

Another  criterion  as  to  the  character  of  any  single  make  of  brick  is 
the  comiJarative  size.  As  is  seen  in  Table  Xo.  3,  the  harder  a  brick  is 
burned,  the  smaller  it  becomes  up  to  a  certain  limit  which  must  be  de- 
termined for  each  make  of  brick.     Hence,  in  the  inspection,  the  un- 
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dnU  larf!;o  briik  may  bo  unhesitatingly  rejected  as  too  soft.  As  in  the 
inanufactiiro  of  brick,  the  die  constantly  wears  larger  and  must  be  re- 
placed occasionally  by  a  now  one,  a  change  in  size  from  this  cause 
must  not  be  confused  with  that  due  to  under-burning. 

In  general,  a  brick  for  i)aviug  i)uri)oses  must  be  homogeneous,  free 
from  uucrushed  or  lumpy  material,  es2)ecially  if  such  material  is  uot 
imited  by  vitrifactiou  with  the  balance  of  the  material  of  the  brit-k. 
Yitrifaction  is  desirable,  but  not  essential,  as  many  i)a\dng  brick,  espe- 
cially those  made  in  West  Virginia,  cannot  be  classed  under  this  head. 
These  are  made  from  clays  very  near  fire  clays  in  character  and  are 
giving  very  good  satisfaction,  at  least  under  moderate  traffic.  "Vitri- 
fied firebrick  "  is  a  misnomer,  as  fire  clays  are  so  named  on  account  of 
their  withstanding  high  heats  without  vitrifaction. 

In  this  country,  the  climate  in  which  the  majority  of  paving  brick 
is  used  is  so  severe  that  the  disintegrating  eflfects  of  frost  are  the 
most  severe  test  a  paving  brick  must  stand,  especially  in  streets  of 
moderate  traffic.  Hence,  one  of  the  first  requisites  of  such  a  brick 
must  be  that  it  will  not  absorb  a  large  percentage  of  water,  for  if  it 
should,  as  has  been  shown  by  experience,  the  freezing  of  the  absorbed 
water  will  cause  rapid  crumbling.  The  permissible  ratio  of  absorp- 
tion cannot  be  definitely  fixed  at  any  given  percentage,  for  it  is 
found  that  this  ratio  varies  with  different  classes  of  brick.  One  class 
of  brick,  which  seems  to  be  uniformly  made  from  clays  which  apjjroach 
near  to  fire  clays  in  character,  will  admit  4  or  5^^  of  water  and  still  not 
crumble  through  the  action  of  frost ;  while  others,  if  not  burned  hard 
enough  to  render  them  impervious  to  more  than  2^  to  S%,  wall  be 
rapidly  disintegrated  by  the  frost. 

With  the  auger  machine,  if  the  clay  is  not  properly  tempered,  a 
<5ore  or  lamination  is  produced  in  the  brick  which  prevents  proper  co- 
hesion of  the  material  and  affords  a  seam  where  the  frost  may  enter. 
It  is  inadmissible  in  jiaving  brick.  Fire  cracks,  caused  by  too  rapid 
firing,  if  small  and  superficial,  are  not  of  much  importance,  but  they 
should  be  limited  in  number  and  extent. 

The  presence  of  lime,  in  itself,  as  has  been  before  stated,  is  not 
detrimental  if  in  limited  quantities,  yet  this  must  not  exist  as  lime 
pebbles  or  it  will  render  the  product  entirely  unfit  for  use  by  disin- 
tegrating and  crumbling  it. 

The  specific  gravity  of  a  brick  is  somewhat  of  an  index  of  its  com- 
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parative  value,  as  tlie  more  material  contained  in  it,  the  greater  its 
density,  and  other  things  being  equal,  the  greater  its  resistance  to 
abrasion,  crushing,  etc.  A  certain  amount  of  toughness  is  desirable  in 
a  paving  brick,  to  prevent  splinteiing  and  breaking  under  traffic.  This. 
quality,  the  writer  believes,  is  at  present  overestimated,  as  when  laid 
in  the  street  a  brick  can  splinter  only  to  a  limited  extent  at  the  corners 
after  which  the  shape  assumed  is  such  as  to  greatly  resist  abrasion. 

The  brick  must  be  of  sufficient  transverse  and  crushing  strength  to 
resist  all  the  demands  of  traffic  with  a  sufficient  factor  of  safety.  Fur- 
ther than  this,  these  qualities  are  of  little  material  value,  although 
their  great  development,  together  with  other  qualities  in  equal  degrees, 
is  evidence  of  high  perfection  in  the  class  and  manufacture  of  the 
brick. 

Testing  the  Material. — In  making  tests  for  relative  qualities  of  brick, 
nothing  will  take  the  jilace  of  experience.  A  few  general  suggestions, 
however,  for  making  ready  tests,  such  as  are  now  in  use,  are  offered 
with  the  hoj)e  that  they  may  prove  serviceable. 

The  i^ersonal  error  is  so  large  in  the  testing  of  material  that  no  at- 
tempt should  be  made  to  comiiare  the  results  obtained  by  an  inspector 
unfamiliar  with  the  methods  and  results  of  making  such  tests,  with  the 
published  tests  of  experienced  observei's.  Instead,  however,  standard 
makes  of  brick  should  be  tested  in  connection  with  samples  submitted, 
by  means  of  which  results  may  be  checked  and  a  comparative  relation 
established  with  other  exjaeriments. 

Prof.  I.  O.  Baker  has  j)ointed  out  the  wide  variation  obtained  in  the 
crushing  strength  of  brick.  He  obtained  a  strength  of  from  7  000  to  9  000 
lbs.  per  square  inch,  with  ordinary  care  in  the  preparation  of  the  surfaces 
of  the  material  to  be  tested,  and  with  the  same  material,  with  beds  more 
carefully  jjrepared,  strengths  ranging  from  16  000  to  21  000  lbs.  were 
obtained.  The  variation  in  strengths  shown  by  testing  quarters,  halves, 
three-quarters  and  whole  brick,  or  brick  on  side,  edge  and  end,  has  also 
been  shown  by  Prof.  Baker  to  be  fully  as  great.  It  is  desirable  that  a 
uniform  method  of  testing  be  established  as  far  as  jjossible  in  order  to 
allow  a  comparison  of  results.  The  test  for  crushing  strength  is 
believed  by  the  writer  to  be  of  little  or  no  value  unless  in  comparison 
of  the  values  of  high-grade  jjaving  brick.  The  test  is  difficult  of  ap- 
plication, requiring  expensive  machinery;  and  unless  carefully  made  by 
skilled  observers,  under  definite  given  conditions,  the  results  are  very 
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iiuoortain  luul  iiiui'liable.  The  transverse  strength  ctin  be  determined 
with  greater  accuracy  than  the  crushing  strength;  it  als(j  represents 
both  the  compressive  and  tensile  strength  of  the  material,  and  is,  there- 
fore, a  better  test  of  the  qualities  of  the  brick.  The  transverse 
strength  may  be  determined  by  the  ordinary  formula  for  transverse 

'3  I  W 
strength  iJ  =  .--,  where  ifi  is  tlie  modulus  of  rupture.   /  the  length 

between  supports,  h  and  (/  the  breadth  aud  depth  of  the  Inick,  aud  IT 
the  load  ai:)plied. 

Prof.  A.  X.  Talbot  suggests  ( Transactions  Am.  Soc.  C.  E. ,  Vol.  XXVI, 
p.  415)  the  following  method  for  applying  this  test : 

"  This  test  may  be  easily  made,  even  if  a  testing  machine  is  not  at 
hand,  as  follows:  Caliper  the  plunger  of  a  hydraulic  press,  such  as 
may  be  found  iu  the  machiue-shop  of  any  city,  and  attach  a  pressure 
gauge.  Place  the  end  of  the  plunger  against  a  knife  edge  (easily  cast) 
resting  on  the  middle  of  the  brick.  Then  the  brick  may  rest  on  two 
knife  edges  placed  for  uniformity  6  ins.  apart,  and  the  stress  of  the 
pluuger  may  be  applied.  After  finding  the  pressure  of  the  jDluuger, 
the  modulus  of  rupture  is  easily  calculated." 

In  testing  for  ratio  of  absorjition,  the  brick  should  be  placed  in  a 
drying  or  common  oven  and  kept  at  a  temperature  of  about  100^ 
Cent.  (212^  Fahr.),  for  10  hours  or  more  if  they  have  previously  been 
saturated.  They  should  then  be  weighed,  and  after  the  weight  is  care- 
fully determined,  placed  in  a  vessel  of  water  and  kept  for  24  hours  at 
a  temperature  of  about  15^  Cent.  (60-  Fahr.),  after  which  they  should 
be  taken  out,  the  surface  water  carefully  removed  and  again  carefully 
weighed.  The  gain  in  weight,  divided  by  the  original  weight,  will  give 
the  ratio  of  absorption. 

The  presence  of  caustic  lime  is  easily  told  by  immersing  the  brick 
from  one  to  four  days  iu  water.  If  caustic  lime  be  jsresent,  it  will 
make  its  appearance  by  breaking  or  cracking  the  brick  or  by  "pop- 
jjers  "  showing  on  the  surface. 

The  si^ecific  gravity  can  be  readily  determined  by  weighing  the 
brick,  air  dried  W,  after  immersion  W,  and  in  water  W,  and  substi- 
tuting in  the  formula — 

W 


Specific  gravity  = 


W  —  W. 


The  test  for  toughness  or  abrasive  strength  is  usually  made  in  an 
ordinary  foundry  tumbler.     The  brick  should  be  tested  a  few  at  a 
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timo,  with  about  100  lbs.  of  "  iouudrv  shot,"  \veif>;hiu^  uot  more  than 
i  lb.  to  the  piece.  Heavy  pieces  of  irou  slionkl  uot  be  used  in  this 
test,  as  they  break  the  brick  to  pieces  iustoad  of  wearing  it.  The  *Hf- 
fereut  shapes  of  brick  are  apt  to  make  a  material  Jitlereuce  iu  their 
wear  during  the  tirst  half  hour.  This  is  caused  by  some  brick  being 
manufactured  with  rounded  edges,  and  some  with  sipiare  edges; 
the  latter,  being  more  easily  broken  or  abraded,  cause  a  greater  loss 
ki  the  material  so  made.  For  this  reason  they  should  be  weighed 
after  the  tirst  half  hour,  and  the  results  of  the  second  or  third  half 
hour  used  for  comparison. 

Table  No.  5  is  derived  mostly  from  experiments  of  Prof.  I.  O. 
Baker  and  by  M.  D.  Buck,  C.  E.,  and  will  give  a  general  idea  of  the 
qualities  of  some  paving  brick  in  more  or  less  successful  use. 

Table  No.  6  is  from  the  experiments  by  Prof.  I.  O.  Baker,  made 
under  conditions  closely  resembling  those  recommended  in  this  article. 
This  table  will  give  an  example  of  the  relative  resistance  to  abrasion 
of  brick  during  the  first,  second  and  third  half  hours  in  the  rattler. 
It  will  be  noted  that  brick  No.  5,  with  rounded  edges,  lost  only 
about  the  same  jjercentage  during  each  of  the  half -hour  tests. 

TABLE   No.  6. 
Resistance  of  Brick  io  Abeasion  and  Impact. 


Material. 

Quality. 

Lobs  iu  percent,  of  the  original  weight  during — 

^ 

1st  half  hour. 

2d  halt  hour. 

3d  half  hour. 

1 

Drift  clay 

2.0 
4.9 
2.1 
3.6 
0.5 

0.8 

y.o 

l.o 
2.5 
0.3 
1.5 
2.0 

0  8 

9 

Dnder-burncd 

Paver 

Under-burned 

Paver 

2  6 

3. 

4 

^          

0.7 
2  0 

5. 

♦Shale  clay 

0.4 

1.3 

1 

Fire  clay 

<• 

12 

*  Rounded  edges. 

Specification  ft.  — Specifications  should  so  define  and  limit  the  quali- 
ties of  material  to  be  used  as  to  protect,  on  the  one  hand,  parties  for 
whom  the  work  is  done  from  the  use  of  improper  material,  and  the 
contractor,  on  the  other,  from  cajDricious  and  arbitrary  requirements. 

The  large  majority  of  specifications  for  jjaving  brick  is  entirely 
inadequate.    They  are  vague  and  often  meaningless,  and  in  order,  while 
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still  in  this  condition,  to  j^rotect  the  city  from  qualities  of  material, 
of  which  the  municipal  olficers  are  (judging  from  the  style  ol  specifica- 
tions) presumably  ignorant,  they  are  drawn  so  as  to  leave  the  selec- 
tion and  rejection  at  the  discretion  of  such  officers.  The  writer  saw 
at  one  i^lace  60  000  brick  rejected  and  ordered  off  the  street  under 
such  conditions  by  officers,  who  believed  them  to  be  defective. 
Brick  of  a  poorer  class  of  material,  but  having  a  more  uniform  and 
smoother  form,  were  selected  and  used  in  their  jjlace.  This  fact  was 
acknowledged  by  the  same  officers  within  a  year  after  its  occurrence, 
when  the  qualities  of  the  two  bricks  had  time  to  develoj)  in  the  pave- 
ment. Certainly  such  a  state  of  affairs  is  undesirable,  and  an  attempt 
should  be  made  to  specify  the  qualities  of  the  material,  keeping,  of 
course,  well  within  the  bounds  of  safety  and  possibility. 

It  should  be  remembered  that  each  additional  requirement  cuts  out 
certain  classes  of  brick,  lessens  the  comijetition,  and  in  that  way,  and 
by  reason  of  the  extra  cost  in  the  manufacture  ot  a  higher  grade  article, 
increases  the  price  of  the  finished  jjavement. 

It  must  also  be  observed  that  with  the  present  demand  for  jjaving 
brick  and  the  state  of  the  manufacture  in  many  places  where  factories 
have  been  recently  established,  it  will  often  be  impossible  to  obtain  brick 
which  will  fall  within  the  higher  limit  herein  named.  Hence,  the  engi- 
neer should  assure  himself  of  the  best  quality  of  brick  which  can  be 
obtained  in  sufficient  quantities  lor  his  use,  before  adopting  specifica- 
tions calling  for  any  j^articular  grades  of  jjaving  brick. 

The  following  is  suggested  as  an  outline  for  specifications,  to  be 
modified  more  or  less  in  accordance  with  the  character  of  the  work 
and  the  availability  of  material. 

All  paving  brick  must  be  homogeneous  and  compact  in  structure, 
free  from  loose  lumps  of  uncrushed  clay  or  from  laminations  caused 
by  the  process  of  manufacture,  or  fire  cracks  or  checks  of  more  than 
superficial  character  or  extent.  All  brick  so  distorted  in  burning  as 
to  lay  unevenly  in  the  pavement  shall  be  rejected.  All  brick  shall  be 
free  from  lime  or  magnesia  in  the  form  of  pebbles  and  shall  show  no 
signs  of  cracking  or  spawling  on  remaining  in  water  96  hours.  They 
shall  be  subjected  to  the  following  test  for  abrasion.  Five  brick  shall 
be  placed  in  a  rattler  which  shall  not  exceed  28  ins.  in  diameter  and 
which  shall  contain  100  lbs.  of  foundry  shot  of  not  more  than  j  lb. 
"weight  each,  and  said  rattler  shall  revolve  at  a  rate  of  not  more  than 
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25  revolutions  jH»r  iniiiutc  Thoy  shall  euiUiro  this  test  without  sus- 
taining a  loss  of  more  tliau  from  1  t  j  iJ"o*  per  half  hour  after  the  first 
half  hour. 

The  brick  shall  have  a  speoitic  gravity  of  not  less  than  '2.00  to 
2.20.*  They  shall  not  absorb  more  than  from  1  to  5%*  of  water  when 
dried  at  100  '  Cent.  (212^  Fahr. )  and  immersed  for  24  hours  in  water. 
They  shall  not  crush  under  less  than  from  8  000  to  12000  lbs.*  per  sipiare 
inch  when  tested  by  preparing  li-iu.  cubes  with  beds  carefully  n;l)])ed 
to  i^arallel  and  equal  faces  and  tested  between  adjustal)le  i)lates. 
They  shall  show  a  modulus  of  rupture  of  from  1  400  to  2  000  lbs.  *  per 
square  inch  when  tested  in  full  size  on  their  side,  the  same  to  be  com- 

3  /  jj^ 
puted  bv  the  formula  R  =  ,  ,    ,.,  in  which  R  is  the  modulus  of  rupture, 
2  ij  (I 

I  the  length  between  supports,  b  and  d  the  breadth  and  depth,  and  TT' 
the  load.  All  brick  tested  shall  show  an  average  equal  to  the  limits 
named  above,  but  a  variation  in  individual  specimens  of  not  to  exceed 
10  to  20,%*  of  the  above  limits  will  be  allowed. 

No  brick  not  hitherto  successfully  used  at  other  places  will  be  ac- 
cepted w'ithout  a  chemical  analysis  certified  to  by  some  competent 
chemist  of  reputation,  which  analysis  shall  show  a  chemical  composi- 
tion not  differing  materially  from  that  of  other  paving  brick  in  suc- 
cessful use. 

All  brick  shall  have  a  proper  shrinkage  and  shall  not  differ  materially 
in  size  from  the  accepted  samples  of  the  same  make,  unless  said 
change  is  due  to  a  change  in  die,  such  change  to  be  acceptable  to  the 
city.  Nor  shall  they  differ  greatly  in  color  from  the  natural  color  of 
the  well-burned  brick  of  its  class  and  manufacture.  These  qualifica- 
tions shall  be  compared  with  the  brick  deposited  at  the  time  of  letting 
or  with  others  afterward  substituted  by  the  consent  of  both  parties 
hereto. 

The  pavement  shall  be  guaranteed  for  a  term  of  two  years  from  the 
date  of  its  completion,  and  all  brick  injured  by  frost  or  shown  to  be 
defective  in  character  or  quality  during  this  time  shall  be  replaced  by 
suitable  material  at  the  contractor's  expense. 

*  These  figures  include  the  limits  from  which  the  limit  to  be  specified  should  be  selected, 
in  accordance  with  the  qualities  desired  or  possible  under  existing  circumstances. 

Note. — The  writer  believes  Professor  I.  O.  Baker  first  suggested  approximately  these 
limi's  for  ratio  of  absorption  and  transverse  strength.  He  also  suggested  that  the  limits  be 
average  limits  from  which  a  limit  of  variation  be  allowed  which  shall  uot  exceed  20°^  on  any 
sample  tested. 


674      MEAD  ON  MANUFACTURE  AND  USE  OF  PAVING  BRICK. 

The  Pavement. — The  use  of  brick  for  paving  in  the  United  States 
has  been  confined  to  the  last  two  decades.  Its  first  use  was  at  Charles- 
town,  W.  Va.,  and  at  Bloomington,  111. ,  about  20  years  ago.  From 
these  points,  Avith  their  small  beginnings,  its  use  has  spread  until 
at  present  it  is  one  of  the  most  popular  and  widely  used  of  all  paving- 
material. 

A  discussion  of  the  principles  that  underlie  brick  paving  would  be 
a  discussion  of  the  principles  of  all  paving.  This  material  simply 
offer"  a  surface  covering,  smooth  and  even,  but  not  sliijpery,  durable, 
economical  and  highly  sanitary.  It  must  be  laid  on  a  foundation 
drained  and  prepared  as  for  all  f)avem.ents.  Beyond  this,  the  success 
of  the  pavement  depends  on  the  proper  selection  of  the  material. 
"With  poor  material  it  will  prove  a  failure,  as  has  been  shown  by  the 
attempt  to  utilize  common  building  brick  at  Nashville,  Tenn.,  and 
elsewhere.  With  jjroper  material  it  is  an  established  success,  and  is 
destined,  with  the  improvement  in  manufacture  and  the  bettering  and 
cheapening  of  the  product  thereby,  to  rank  first  in  economy  and  avail- 
ability of  all  leaving  material.  In  the  piajority  of  jilaces  it  oflfers  a  pos- 
sible local  industry,  when  the  availability  of  the  local  geological 
resources  are  better  known  and  appreciated,  and  the  different  methods 
of  utilizing  them  in  manufacturing  are  more  thoroiaghly  understood. 

In  first  cost  the  jjavement  depends  on  the  nearness  of  the  manufac- 
tories and  the  local  resources  suitable  for  foundations. 

"For  light  traffic  the  fragmentary  materials  (rubble,  gravel,  sand, 
etc.),  or  sand  with  a  layer  of  brick  laid  on  their  side,  or  6  ins.  of  concrete, 
make  good  foundations,  the  selection  depending  on  the  local  resources. 

"For  medium  traffic,  9  ins.  of  stone  or  gravel,  or  6  ins.  of  gravel  or 
stone,  with  a  layer  of  brick  laid  on  their  side,  bedded  in  sand,  or  6  ms. 
of  concrete,  will  give  good  results. 

"For  heavy  traflSc  the  stone  or  gravel  should  be  at  least  1  foot  in 
thickness,  or  the  concrete  at  least  9  ins. 

"All  subfoundations  which  are  retentive  of  water  should  be  prop- 
erly and  thoroughly  drained.  '"* 

In  the  average  city  the  network  of  pipes  and  conduits  laid  below 
the  street  surface  is  the  cause  of  frequent  disturbances  of  the  jiave- 
meut  which  is  often  the  leading  factor  in  its  destruction.  The  facility 
with  which  pavements  can  be  taken  up  and  rejjlaced  becomes, 
under  such  circumstances,  quite  important.  In  this,  brick  pavement 
IS  second  to  none.    The  brick,  being  uniform  in  size  and  shape,  can  be 

*  kvvva  a  pievious  paper  by  the  writer. 
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voturuod  to  tlifir  pliiros  hy  unskilled  liibor,  an  iniinn-tant  point  in 
sniallor  towus  aud  cities.  This  is  especially  tnie  if  the  fragmcutiiry 
I'ouudations  are  used,  and  if  sand  only  is  used  in  the  joints.  Where 
cither  coal  tar  or  cement  p:rout  is  used  in  the  joints,  the  brick  taken  np 
are  difficult  and  often  impossible  to  clean,  and  new  material  has  to  be 
substituted.  With  sand  in  the  joints  the  old  material  is  readily 
cleaned,  and  the  sand,  iu  two  weeks'  time  after  laying,  renders  the 
pavement  as  imiJcrvious  to  the  seejiage  of  surface  waters  as  the  tar  or 
cement. 

The  durability  of  brick  pavements  is  a  subject  open  to  inepiiry,  for 
the  limited  time  they  have  been  in  extensive  use  has  been  too  short  to 
answer  this  from  practical  experience. 

The  destruction  of  a  pavement  results  from  (1)  the  crushing  by  the 
wheel  load;  (2)  the  abrasion  by  friction  of  passing  vehicles  and  the  slip- 
l)iug  of  horses'  shoes ;  (.3)  the  impact  due  to  the  jjassage  of  loads  over  a 
rough  surface,  and  the  impact  from  the  shoes  of  horses. 

It  has  been  found  that  the  best  paving  brick  will  crush  under  loads 
varying  from  8  000  to  18  000  lbs.  per  square  inch,  while  granite  will 
crush  under  loads  varying  from  13  000  to  22  000  lbs.  per  square  inch. 
Brick,  therefore,  shows  a  strength  sufficient  to  resist,  with  a  large  fac- 
tor of  safety,  any  load  to  which  the  pavement  will  be  ordinarily  sub- 
jected. The  rattler  test,  the  only  test  so  far  attempted  for  determining 
resistance  to  abrasion  and  impact,  gives  the  comparative  resistance  of 
brick  and  granite  (according  to  Prof.  I.  O.  Baker),  as  follows: 

Loss  of  granite  in  1 J -hour  rattler  test,  ^  to  3i  i^er  cent. 

Loss  of  paving  brick  iu  1^-hour  rattler  test,  2^  to  5  per  cent. 

The  smoothness  of  brick  will,  iu  the  opinion  of  the  writer,  more  than 
overcome  the  difference  iu  abrasive  resistance  of  the  granite.  A  loaded 
wheel  as  it  passes  over  a  rough  pavement  causes  impact  in  proportion 
to  the  load  and  the  degree  of  roughness  of  the  pavement,  and  is  the 
principal  cause  of  wear  in  granite  and  cobblestone  i^avements,  which 
is  lai'gely  avoided  with  the  smooth  surface  of  brick. 

The  writer  estimates  the  life  of  first-class  brick  pavements  to  be: 
for  light  traffic,  35  to  50  years;  for  medium  traffic,  20  to  25  years;  for 
heavy  traffic,  10  to  15  years. 

Prof.  I.  O.  Baker,  in  his  valuable  pamphlet  on  "Brick  Pavements," 
from  which  the  writer  has  hitherto  quoted,  publishes  a  table  based  on 
his  experiments,  showing  the  probable  length  of  life  of  brick  in  certain 
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streets  of  various  American  cities.  From  this  table,  Table  No.  7  is 
reduced,  somewhat  changed  in  form  from  the  original.  The  table  is 
largely  based  on  the  tonnage  olaservations  of  Caj^tain  F.  Y.  Green. 

The  smoothness  of  brick  renders  it  free  from  much  of  the  objection- 
able noise  of  the  rougher  pavements. 

Its  freedom  from  decay,  and  its  non-absorption  of  water,  are  sani- 
tary qualities  of  considerable  value.  It  produces  little  dust  of  its  own 
and  as  it  is  not  retentive  of  mud  and  dust,  it  can  be  readily  cleaned. 

Being  smooth  without  being  slippery,  it  oflFers  comj^aratively  little 
resistance  to  traction,  while  affording  a  fair  foothold  for  horses. 

Table  No.  8  gives  a  concise  statement  of  the  manner  of  laying  brick 
pavements  in  a  number  of  cities  of  the  United  States,  which  will  render 
the  ordinary  methods  of  utilizing  this  material  quite  readily  under- 
.stood. 
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CARBON    AND    ITS    USES    IN    ELECTRICAL 
ENGINEERING. 


By  Clarence  M.  Bakbee,  C.  E.,  MemLer  of  the  Civil  Engineers'  Club 

of  Cleveland. 


Prepared  for  the  International  Eng'ineeriug'  Cong-ress  of  the 
Columl>ian  Exposition,  1893. 


In  the  year  1810,  Sir  Humphry  Davy  connected  the  jioles  of  a 
battery  of  2  000  elements  by  two  charcoal  points,  and  jjroduced  one  of 
the  most  brilliant  artificial  lights  that  had  doubtless  ever  been  seen. 

So  little  value  was  attached  to  this  experiment  that  it  was  merely 
entered  in  the  note  book  of  the  great  physicist,  and  remained  there 
ajjparently  unnoticed  until  12  years  later,  when  it  api^eared  as  a  com- 
munication to  the  Royal  Society.  Scarcely  do  we  find  a  more  striking 
exami^le  of  the  great  advancement  in  electrical  science  than  when  we 
note  that  this  bright  spark  has  grown  in  strength  and  beauty,  until 
now  there  are  required  to  feed  its  ever-spreading  rays  200  000  000  of 
carbon  pencils  for  the  jaresent  year  in  the  United  States  alone. 

Note.— Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  18'J3. 
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In  electrical  eugineeriufj;,  the  term  fuiliDH  is  used  to  designate  an 
artificial  solid,  wliic-h,  through  ineehauieal  or  eheiuieal  means,  is 
lU'rived  from  some  o(  the  natural  forms  of  carbon.  It  is  moulded  under 
great  pressure  into  eyliudrieal  i)eneils  for  arc  lighting,  or  into  rectangu- 
lar blocks  or  plates  for  battery  or  other  uses.  It  is  not  the  purpose  of 
this  paper  to  describe  minutely  the  process  of  making  carbon,  nor  is 
it  necessary,  as  thei-e  are  i)ublished  descriptions  which  cover  the 
ground  fairly  well.  However,  an  outline  of  the  general  principles 
may  not  be  out  of  place. 

The  materials  usually  employed  are  coke  and  jiitch.  The  coke 
should  be  as  free  from  solid  impurities  a^  is  obtainable.  Petroleum 
coke  is  largely  used,  although  other  varieties  are  often  sufficiently 
pure  for  the  purpose.  It  is  ground  to  powder,  and  the  volatile  com- 
ponents are  driven  off  by  heating  in  retorts.  Melted  coal  tar  jjitch  is 
then  thoroughly  mixed  with  it,  and  for  some  kinds  of  carbon  lamp- 
black is  also  added.  The  mixture  is  then  cooled,  again  ground  to 
jiowder,  and  is  then  ready  to  be  moukled  or  forced. 

The  process  of  moulding  consists  of  tilling  the  material  into  steel 
moulds,  which  are  made  in  tw^o  equal  jjarts,  so  arranged  that  the  lower 
half  of  the  mould  will  contain  a  sufficient  quantity  of  the  material  for 
the  entire  charge.  The  upper  half  is  then  placed  in  position  upon  its 
counterpart,  the  moiild  is  placed  in  a  furnace  and  heated  sufficiently 
to  soften  the  fusible  ingredients.  It  is  then  put  under  a  pressure  of 
about  400  tons,  after  which  the  16  jjencils,  or  carbons  as  they  are  called, 
are  removed  from  the  mould.  After  cooling  they  are  ready  for  the 
next  process,  which  consists  in  handling  the  carbons  one  by  one, 
examining  and  trimming  off  the  webs  which  usually  occur  between 
the  individual  pencils  as  they  lie  in  the  mould;  they  are  then  packed 
in  furnaces  holding  from  30  000  to  50  000,  where  they  are  baked  at  a 
high  temperature  for  about  100  hours.  After  cooling  for  a  like  period 
they  are  sorted  for  straightness.  A  portion  are  then  sent  to  the  con- 
sumer, but  a  large  i3ortion  are  first  coated  with  copper. 

The  process  of  forcing  is  proximately  the  same  as  that  of  moulding 
until  the  material  is  ready  for  the  moulds;  then,  instead  of  being 
moulded,  it  is  heated  and  made  into  cylindrical  plugs,  which  are 
placed  in  a  heavy  iron  cylinder,  and,  by  means  of  a  plunger  driven  by 
hydraulic  pressure,  the  plastic  material  is  forced  through  a  steel- 
bushed  orifice  and  comes  out  in  the  shape  of  a  continuous  cylinder. 
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which  is  cut  to  the  lengths  desired.  The  carbons  are  then  sent  to  the 
furnaces,  and  from  this  point  the  process  is  the  same  as  for  the 
moulded. 

The  forcing  process  permits  of  a  wide  range  of  shapes,  as  by 
changing  the  size  of  the  steel-bushed  orifice,  cylindrical  carbons  can 
be  forced  having  a  diameter  of  -i^r  in. ,  and  from  this  size  up  to  or  even 
above  4  ins.  in  diameter.  Many  other  shapes  besides  cylindrical  can 
also  be  made,  such  as  plates  that  are  not  much  over  4  ins.  wide  and  of 
a  thickness  of  from  ^  to  1^  ins.  or  over.  These  are  cut  into  short  lengths 
and  used  for  dynamo  or  motor  brushes.  Plates  as  small  as  ^  x  |^  in. 
are  also  forced  for  small  generator  or  motor  brushes. 

There  is  a  great  difference  in  density  and  structure  between  moulded 
and  forced  carbon.  The  pressure  under  which  moulded  carbon  is 
made  is  about  8  300  lbs.  per  square  inch,  while  by  the  forcing  process 
the  pressure  required  is  double  or  three  times  as  great.  By  the  method 
of  forcing,  the  material  is  crowded  together  as  it  is  pressed  toward  the 
small  end  of  a  conical  chamber  and  is  finally  forced  out  at  the  vertex, 
thus  giving  a  combination  of  lateral  and  end  pressure. 

By  the  method  of  moulding,  the  carbons  receive  side  pressure  only. 
Under  the  side  pressure,  the  material  tends  to  laminate  in  planes 
parallel  to  the  axis  of  the  carbon;  while  under  end  pressure,  the 
planes  of  lamination  ai-e  at  right  angles  to  the  axis.  As  usually  made, 
the  i^ressure  is  not  sufiicient  to  produce  distinct  lamination;  but  it  is 
evident  that  the  structure  of  the  material  is  inclined  toward  this  class 
of  formation,  as  in  the  case  of  slate  rock  which  is  laminated  in  planes 
at  right  angles  to  the  lines  of  jjressure.  Under  certain  conditions, 
lamination  may  be  observed  both  in  moulded  and  forced  carbon. 

Carbons  as  they  are  usually  made  for  arc  lamps  are  about  t^,  i  or 
I  in.  in  diameter,  by  about  12  ins.  in  length.  In  some  cases  jjairs  are 
used,  a  carbon  7  ins.  and  one  12  ins.  usually  constituting  a  pair. 
Besides  those  there  are  several  other  sizes  in  use;  for  searchlights  and 
for  many  of  the  large  lighthouses,  carbons  as  large  as  IJ  ins.  in 
diameter,  and  often  larger,  are  emijloyed. 

In  addition  to  the  ordinary  jiencils,  many  other  forms  may  be 
moulded,  such  as  ciips  or  crucibles,  or  almost  any  design  where  the 
material  can  be  retained  in  moulds  and  submitted  to  great  pressure. 
Plates  are  made  12  to  14  ins.  square,  and  in  thickness  from  3^  in.  to 
over  1  in. ;  and  even  larger  sizes  are  often  made. 
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III  its  j)hysiriil  jnopertios  I'niltou  varit-s  ^Tcixtly,  tlu>  variation 
tlopt-ndin^  upon  its  conipositiou  anil  treatment  in  tlie  process  of  inanu- 
frtctnre.  Tiie  hardness  may  he  from  that  of  chalk  to  that  of  crockery, 
ami  its  specific  gravity  may  vary  to  about  the  same  extent.  It  is  quite 
brittle,  and  this  property  is  retained  throixgh  all  its  stages  of  hardness. 
The  tensile  strength  and  resistance  to  crushing  increase  with  the 
hardness. 

For  cutting  carbon  the  emery  wheel  is  generally  employed ;  it  can 
be  drilled  or  cut  in  the  lathe  with  steel  tools,  but  its  effect  is  to  wear 
them  away  very  rapidly ;  even  diamonds  can  be  used  as  cutting  tools 
but  a  short  time.  On  the  hardest  siaecimens  these  operations  are  jier- 
formed  with  difficulty  even  with  the  best  of  tools. 

As  applied  to  electrical  engineering,  the  most  important  and  inter- 
esting use  of  carbon  is  in  the  arc  lamp  ;  here  we  find  j^henomena  that 
are  wonderful  even  in  the  light  of  the  most  advanced  science.  If  two 
A -in.  carbon  pencils  be  jjlaced  with  their  points  in  contact,  and  are  in- 
cluded in  an  electric  circuit  having  a  current  of  10  amperes,  a  slight 
amount  of  heat  will  be  developed  in  the  body  of  the  pencils,  which 
will  be  greatest  at  the  point  of  contact  ;  if,  while  the  current  is  still 
passing,  the  jjencils  be  separated  a  few  millimeters,  an  arc  of  great 
luminosity  and  heat  will  be  formed.  If  the  poles  of  a  voltmeter 
be  connected  with  the  pencils,  the  voltage  due  to  the  resistance  of  the 
arc  will  be  seen  to  vary  directly  as  its  length,  or  nearly  so  ;  at  about 
20  volts  the  arc  will  be  scarcely  -^asible,  and  will  increase  in  brilliancy 
and  heat  as  the  points  are  separated  until  the  voltage  reaches  about  50, 
when  the  light  will  ajjpear  to  be  the  most  brilliant.  At  a  point  some- 
where above  this  voltage,  possibly  70  or  higher,  the  arc  will  go  out 
■with  a  snap. 

In  the  above  case,  if  the  current  be  maintained  constant,  of  coiirse 
the  watts  required  will  vary  as  the  voltage,  and  this  variation  of 
the  total  watts  is  employed  by  all  makers  of  arc  lamjjs  as  a  means  of 
moving  the  feeding  mechanism.  This,  in  some  lamps,  may  be  so 
delicately  adjusted  as  to  move  the  carbons  toward  each  other  when 
the  distance  between  the  points  has  increased  an  amount  correspond- 
ing to  1  volt,  while  many  lamjjs  require  an  increment  of  5  volts  to 
cause  the  feeding  device  to  respond. 

One  of  the  most  notable  points  in  regard  to  the  burning  of  the 
carbon  arc,  is  that  the  temperature  in  the  positive  carbon  rises  miich 
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higher  than  in  the  negative.  It  is  noticed  that  when  we  extinguish  the 
arc  by  turning  off  the  current,  the  point  of  the  jjositive  carbon  remain.s 
incandescent  after  the  negative  i^oint  has  become  black  ;  the  intensely 
heated  crater  formed  on  the  positive  carbon  radiates  far  more  light 
than  the  incandescent  point  which  is  formed  at  the  end  of  the  nega- 
tive. The  consumption  of  the  positive  is  about  twice  as  great  as  that 
of  the  negative  when  burned  in  the  air  ;  if  burned  in  a  vacuum,  then 
the  positive  only  is  consumed.  These  facts  seem  to  indicate  that  the 
larger  jjart  of  the  energy  of  the  current  is  expended  upon  the  positive 
carbon.  A  large  part  of  the  energy  expended  upon  the  arc  is  doubt- 
less used  in  maintaining  a  counter  electro-motive  force,  and  another 
portion  is  absorbed  in  the  conversion  of  solid  carbon  into  vapor. 

The  arc  may  be  colored  by  the  introduction  into  the  carbon  of 
almost  any  foreign  substance,  and  the  color  is  characteristic  of  the 
substance  employed,  as  in  the  case  of  the  Bunsen  flame;  and  as  there 
are  but  few  substances  which  are  not  volatile  in  the  electric  arc,  the 
range  of  color  is  very  large.  The  intensity  of  temperature  is,  without 
question,  highest  in  the  center  or  inner  portion  of  the  flame  and  low- 
est toward  the  outer  circumference  ;  for  this  reason  the  vajjors  of  sub- 
stances arrange  themselves  in  concentric  envelopes — those  which 
volatilize  at  the  highest  temperature  taking  positions  nearest  the 
center,  those  which  volatilize  at  the  lowest  temperature  becoming  the 
outer  envelope. 

The  carbon  flame  affords  one  of  the  best  subjects  for  spectrum 
analysis;  it  is  therefore  of  great  value  for  this  jiurpose,  and  by  its  use 
the  field  of  the  spectroscope  has  been  greatly  enlarged. 

It  is  j)erhaps  important  to  note  that,  aside  from  the  color  efi'ect  of 
foreign  substances  in  the  carbon  pencil,  there  is  in  most  cases  a  reduc- 
tion of  the  Hght  and  generally  a  lengthening  of  the  arc  ;  this  may  be 
accounted  for  on  the  supposition  that  foreign  substances  usually 
volatilize  at  temperatures  lower  than  carbon  and  hence  supply  vapors 
which  radiate  less  light,  and,  volatilizing  more  rapidly,  the  quantity 
of  the  vapor  is  increased  and  a  corresponding  reduction  of  voltage  may 
also  be  noted.  If  the  foreign  substances  are  not  homogeneously  in- 
corporated "with  the  carbon,  the  arc  ^-ill  be  unsteady  and  the  light  will 
be  unsatisfactory. 

In  the  burning  of  arc-lamp  carbons,  there  is  always  a  quantity  of 
carbon  dust  that  falls  from  the  burning  points  ;    this  is  not  a  product 
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of  I'oiubnstiou,  but  inutii-lcs  of  i-arbou,  which  are  dotiu-hcil  and  thrown 
oil"  from  the  highly  heated  poiuts  by  calcination.  Many  attempts  have 
been  made  by  inventors  to  reduce  or  prevent  the  h)ss  of  life  of  carbons 
due  to  this  cause.  Some  degree  of  success  has  been  attained  by  intro- 
<lucing  into  the  carbon  ingredients  which,  fusing  at  a  comparatively 
high  temperature,  become  slag  and  mix  with  the  detached  i)articles 
and  prevent  them  from  falling  ofi" ;  and  retaining  them  until  they 
are  consumed,  the  life  of  the  carbon  is  prolonged  to  a  very  marked 
degree. 

The  hissing  sound  so  frequently  observed  in  the  arc-light  carbons 
is  a  matter  of  importance.  There  seems  to  be  a  strong  current  of  air 
and  vapor  moving  between  the  highly  heated  jjoints  ;  when  this  cur- 
rent impinges  in  a  certain  manner  against  the  point  toward  which  it 
flows,  hissing  will  be  the  result.  To  illustrate  :  if  a  jet  of  air  be  blown 
from  a  small  tube,  at  high  velocity,  against  a  solid  substance,  a  hissing 
sound  will  or  Avill  not  be  i)roduced,  dejjending  upon  the  velocity  of 
the  air,  the  nearness  of  the  solid  and  its  configuration. 

Many  experimenters  have  endeavored  to  obtain  a  quiet,  steady  arc 
by  the  introduction  into  the  carbon  of  foreign  matter,  which,  by  jjro 
ducing  vapor  more  easily  than  carbon,  will  so  modify  the  conditions  as 
to  prevent  hissing ;  and,  with  a  view  of  holding  the  arc  in  the  center, 
a  core  is  used.  This  core  is  simply  a  center,  which  may  be  r^  in. 
or  more  in  diameter,  of  a  material  that  is  different  from  the  body  of 
the  pencil  and  contains  more  or  less  of  the  foreign  matter. 

Some  of  the  most  quiet  and  steady -burning  carbons  that  are  in  use 
liave  been  o.btaiued  by  the  use  of  foreign  matter  and  a  core.  Carbons 
are  also  made  with  hollow  centers,  through  which  solutions  of  salts 
are  simply  poured,  a  sufficient  quantity  being  left  therein  to  produce 
the  desired  result. 

As  early  as  1867  M.  Carre  coated  carbons  with  metals,  such  as  zinc 
and  tin;  and  about  the  same  time  Mr.  Josejsh  Yan  Malderon  exi^eri- 
mented  with  carbons  electroplated  with  copper.  Carbons  have,  there- 
fore, been  electroplated  almost  from  their  first  introduction,  and 
copper  has  been  the  metal  used.  The  only  reason  the  writer  has  seen 
assigned  for  this  use  of  copper  is  that  it  reduces  the  resistance,  con- 
veying the  current  to  the  end  of  the  pencil  with  but  little  loss  of 
energy.  The  life  of  the  carbon  is  increased  by  coating  with,  copper 
from  8  to  10  j^er  cent. 
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The  total  resistance  of  an  uncoated  pair  of  J-in.  carbons,  in  a  newly 
trimmed  lamp,  is  about  .20  ohm,  while  the  total  resistance  of  the 
lighted  lami)  is  about  5  ohms.  It  is  evident,  therefore,  that  the  resist- 
ance of  the  carbons  is  about  4%  of  the  total  resistance  of  the  lighted 
lamp.  The  resistance  of  the  lamp  coils  may  be  2  jser  cent.  The 
decrease  of  resistance  due  to  copj^er  coating  will  not  account  for 
the  increase  of  the  life  ;  this  is  due,  in  the  writer's  opinion,  to  the  fact 
that  the  copper  tends  to  support  and  retain  the  particles  of  carbon  that 
are  detached  from  the  jjoints  by  calcination  ;  to  some  extent,  also,  the 
fused  copper  forms  in  liquid  beads,  and,  by  absorbing  the  calcined 
carbon  dust,  tends  to  prevent  its  loss. 

A  comparatively  new  use  for  carbon  is  found  in  the  carbon  brush 
for  dynamos  and  motors  ;  here  carbon  is  substituted  for  the  cojjper 
brush,  and  hence  retains  the  name,  which  appears  like  a  misnomer. 
Carbon  brushes  reduce  the  cutting  of  the  commutator  and  the  spark- 
ing to  almost  nothing.  The  same  commutator  may  be  used  for  years 
with  carbon  brushes  which,  if  copper  were  used,  would  be  worn  out  in 
a  few  months.  The  quality  of  the  carbon  brush  is  of  great  imjiort- 
ance ;  it  must  be  of  fine  texture,  sufficiently  hard,  and  should  act  in 
some  degree  as  a  dry  lubricant,  and  it  should  not  give  a  squeaking 
noise.  These  are  points  that  can  be  i^rovided  for  by  the  manufacturer. 
Much  difficulty  is  sometimes  experienced  by  heating.  This,  of  course, 
is  a  question  of  conductivity,  and  can  usually  be  remedied  by  making 
the  brush  larger,  or  by  coating  it  with  copper,  or  by  doing  both. 

The  telephone  is  indebted  for  a  large  measure  of  its  great  success 
to  artificial  carbon.  Here  its  value  depends  upon  the  principle  that 
an  increase  of  pressure  produces  a  decrease  of  resistance.  The  writer 
is  inclined  to  think,  with  Mr.  S.  P.  Thompson  and  others,  that  the 
increase  of  pressure  simjjly  makes  a  more  perfect  contact.  As  the 
resistance  of  carbon  is  higher  than  that  of  metals,  it  is,  in  some  cases, 
an  excellent  material  for  this  purpose,  and  especially  where  moderate 
resistance  is  required. 

Among  the  advantages  of  carbon  for  electrical  resistances,  we  may 
note  the  fact  that  it  can  be  heated  almost  to  a  red  heat  and  held  at 
this  temperature,  without  undergoing  any  change  whatever  ;  and, 
being  practicably  infusible,  it  will  stand  for  a  short  time  very  high  tem- 
peratures, even  in  the  atmosphere,  without  sufiering  any  deterioration. 
If  held  long  at  a  red  heat,   however,  in  the  air,  it  will  calcine  and 
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sometimes  oxidize.  Carbon  has  uIhd  the  lemiirkable  property  of 
showing  n  reduction  of  resistance  as  the  temperature  rises.  At  high 
temperatures  this  is  very  marked;  for  exami)le  :  the  decrease  in  resist- 
ance of  an  incandescent  himi»  tihvment  at  a  white  heat  maj'  be  one-third 
of  its  resistance  when  cold.  At  temperatures  below  a  red  heat,  how- 
ever, the  change  of  resistance  is  of  comparatively  little  importance. 

Some  of  the  difficulties  that  attend  its  use  as  a  resistance  material 
are  as  follows  :  the  resistance  of  carbon  varies  between  wide  limits  ; 
two  carbon  pencils  i  in.  in  diameter  and  9  ins.  in  length  could  be 
selected,  of  which  one  would  have  a  resistance  of  .20  ohm  and  the 
otlier  .07  ohm.  The  forced  carbon  being  more  dense  is  always  lower 
in  resistance  than  the  moulded,  other  conditions  being  the  same.  The 
resistance,  however,  may  be  largely  controlled  by  variations  in  the 
manufacture. 

The  connection  between  carbon  and  a  metal  conductor  often  be- 
comes a  troublesome  jjoint,  especially  if  liigh  temperatures  are  to  be 
used.  For  low  temperatures  the  carbon  may  be  electroplated  with 
copper  and  the  metal  conductor  may  then  be  soldered  ;  but  for  high 
temperatures  the  connection  must  be  made  by  some  form  of  clamping 
device. 

Carbon  is  not  used  as  a  resistance  where  calibrated  resistances  are 
required,  owing  to  the  difficulty  of  predetermining  its  exact  resistance. 
For  resistance  jjurposes,  carbon  is  used  in  the  form  of  pencils  as  small 
as  ^  in.  in  diameter  ;  larger  sizes  are  also  used  ;  it  has  also  been  used 
in  the  granular  form  and  as  a  powder. 

As  a  contact  piece,  where  contacts  must  be  made  and  broken  fre- 
quently, carbon  has  a  great  advantage  in  many  places  over  metals  ; 
and  frequently,  where  metals  are  used  in  switches  for  contacts  for 
large  currents,  carbon  blocks  are  successfully  used  as  a  last  point  of 
contact.  In  such  places  as  these  last  mentioned,  carbon  often  gives  a 
long  arc,  but  even  where  one  pole  is  metal,  instead  of  burning  the 
metal  the  current  seems  to  expend  its  energy  on  the  carbon,  which, 
suffers  but  little  and  is  renewable. 

Carbon  is  almost  universally  used  in  primary  open-circuit  batteries 
for  the  positive  pole,  and  for  this  ijurjjose  it  is  made  in  the  form  of 
cylinders  or  jjlates.  It  is  not  acted  upon  at  ordinary  temperatures  by 
any  acid  or  other  liquid  known  to  chemistry,  and  in  batteries  it  is  easily 
depolarized.     Carbon  is  also  used,  to  a  limited  extent,  for  crucibles; 
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and,  when  mixe  1.  witli  clay,  stands  Terr  high  heats  Asithout  oxidiza- 
tion. 

It  is  remarkable  that  while  carbon  is  made  in  a  variety  of  forms,  its 
uses  are  almost  entirely  confined  to  electrical  engineering;  and  as  we 
note  the  rajiid  advancement  of  this  new  department  of  scientific  work, 
we  may  also  note,  as  one  of  the  changes  it  has  brought  to  our  century, 
this  new  industry — the  manufacture  of  carbon. 

A  slight  idea  of  its  growing  magnitude  in  the  United  States  may  be 
gained  from  the  fact  that  it  claims  an  investment  of  over  $1  500  000. 
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THE    GUADALAJARA   ELECTRIC-LIGHT  INSTAL- 
LATION,  UTILIZING   THE   FAMOUS   JUANA- 
CATLAN   WATER-FALLS,    28   Km.   DIS- 
TANT FROM  GUADALAJARA. 


By  Rafael  M.  de  Abozakena,  Mechanical  Engineer,  Member  of  the 
American  Society  of  Mechanical  Engineers,  and  of  the  Association 
of  Engineers  and  Architects  of  Mexico. 


Prepared  for    the   International   Engrineering   Congress   of  the 
Colnnihian  Exposition,  1893. 


Among  the  industrial  enterjirises  taken  np  in  Mexico  by  local 
capital,  the  plant  for  the  supply  of  the  electric  light  and  power  in  the 
City  of  Guadalajara,  Jalisco,  is  one  of  the  most  notable,  not  merely 
because  of  its  magnitude  with  respect  to  tlie  investment  required,  but 
also  because  the  project  necessitated  the  use  of  novel  and  special 
machinery,  the  source  of  sui^ply  being  located  17  miles  from  the  base 
of  demand. 

The  problem  was  to  install  at  the  falls  of  Juanacatliin  (the  Niagara 
of  Mexico)  a  hydraulic  and  electric  plant  which  should  be  capable  of 

Note.— Discussions  on  all  papers  presented  to  tbe  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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supplying  in  the  city  of  Guadalajara — distant  17  miles — sufficient 
electric  energy  to  operate  some  950  H.  P.  in  the  form  of  light,  divided 
up  as  follows:  Seven  thousand  five  hi;ndred  incandescent  lights  of  16 
candle-power  each,  and  200  arc  lights  of  2  000  candle-power  each. 

After  careful  consideration  and  study,  the  plans  were  projected 
and  machinery  ordered  from  the  following  well-known  houses:  The 
electric  machinery  and  material  from  the  Thomson-Houston  Interna- 
tional Electric  Company,  of  Boston,  Mass. ;  the  turbines  and  piping 
from  James  Leffel  k  Company,  of  Sjjringfield,  O. ;  the  valves  from  the 
Ludlow  Yalve  Manufacturing  Company  ;  the  countershaft,  clutches, 
pulUes  and  bearings  from  the  Hill  Clutch  Company,  of  Cleveland,  O. ; 
and  the  iron  poles  for  carrying  the  wire  on  the  main  line  from  the 
falls  to  the  city — a  distance  of  17  miles — as  well  as  for  the  wires  in 
the  city,  from  the  Eeading  Iron  Company,  of  Beading,  Pa. 

The  falls  of  JuanacatlAu  are  on  the  Grande  Eiver,  and  situated 
some  17  miles  (28  km.)  southeast  from  the  city  of  Guadalajara.  The 
whole  volume  of  the  river  falls  at  this  point  some  58  ft.  in  a  perpen- 
dicular line,  with  the  shores  above  the  falls  sloping  gently  to  the 
stream.  Below  the  falls,  the  shores  on  both  sides  slope  almost  at  an 
angle  of  45^,  leaving  but  little  room  at  the  bottom  upon  which  a 
building  could  be  erected,  for  which  reason  the  building  was  projected 
of  three  stories,  as  shown  by  the  section  of  Plate  No.  1. 

The  work  above  the  falls  was  simple  and  of  easy  execution,  for, 
the  river  being  very  wide  at  this  point,  its  depth  is  small,  and  a 
masonry  wall  some  3  ft.  high  was  built,  running  across  the  river 
for  two-thirds  of  its  width  and  at  an  angle  of  45°  to  the  line  of  the 
falls,  the  object  of  which  was  to  carry  the  greater  part  of  the  water 
in  the  river  to  a  given  point  on  its  left  bank  directly  at  the  falls;  then 
a  raceway  was  formed  14  ft.  high  by  14  ft.  wide,  from  which  the  7-ft. 
diameter  conduit  pipe  carried  the  water  down  to  the  tiirbines.  This 
conduit  pipe  is  made  of  wi-oiight-iron  sheets  i  in.  diameter,  riveted 
together,  no  flanges  being  used.  At  the  head  of  the  pij^e  is  located  a 
vent  lupe,  to  protect  the  pipe  from  collapsing  when  the  wooden  gate 
which  is  located  at  its  entrance  is  closed.  The  pipe,  to  conform  to  the 
nature  of  the  fall  at  this  point,  has  two  elbows  of  90^  and  one  of 
45',  from  which  on  a  horizontal  line  it  connects  the  three  turbines 
together,  reducing  its  diameter  from  7  to  6  ft.  between  the  first  and 
second  turbine,  and  from  6  to  5  ft.  between  the  second  and  third  tur- 


DE   AROZAKENA   ON   ELECTRIC-LIGHT   INSTALLATION.       (i91 

Innc.  Diri'i'tlv  iu  liiu>  with  tlu-  pipiuff  iiro  lociittul  the  thioo  horizontal 
donblo  Leffol  tiirbiues,  auil  botweeu  the  tixrbinos  aud  the  coudnit  pipe 
iu  thi'  conutH'tiug  pipos,  which  are  4  ft.  6  iu.  diameter  each,  are  located 
Ludlow  straifi;htway  gate  valves,  which  are  ojieued  and  shut  by  geared 
hand  wheels,  thereby  permitting  the  water  to  be  closed  off  from  each 
or  any  of  the  turbines  without  having  to  stop  the  others. 

The  turbines  located  on  the  first  floor  of  the  building  are  horizontal 
double  wheels,  jjlaced  iu  one  case;  both  wheels  are  connected  directly 
on  to  the  same  shaft,  which  extends  out  from  the  case  on  both  sides, 
iiud  has  at  each  end  a  sheave  pulley  for  transmitting  the  power.  Each 
turbine  is  20  ins.  diameter,  aud  has  its  iudei)endent  draft  tube;  and  as 
the  river  is  known  to  rise  iu  the  rainy  season  from  1  to  2  m. ,  the  tur- 
bines were  placed  16  ft.  above  the  bed  of  the  river,  with  draft  tubes, 
all  10  ft.  long,  discharging  iuto  a  well  4  ft.  deep  (which  is  the  average 
dcjith  of  the  river  in  the  dry  season),  making  the  distance  from  the 
center  of  the  turbines  to  the  surface  of  constant  water  in  the  tailrace 
exactly  12  ft.  This  mode  of  setting  turbines  with  draft  tubes  has 
given  the  writer  excellent  results  here  in  Mexico. 

The  power  of  each  set  of  turbines  is  550  H.  P.,  making  a  total 
of  1  650  H.  P.  The  power  is  transmitted  from  the  turbines  to  a 
countershaft  j^laced  iu  the  second  floor  of  the  building.  A  rope 
driver  is  iised,  of  endless  manilla,  plumbago,  tallow-laid  rope,  1  in. 
diameter,  iising  an  idler  pulley  on  a  stress  car,  with  weight.  Each 
jjulley  has  15  grooves  to  receive  the  15  strands  of  rope. 

The  42-in.  diameter  pulleys  on  the  turbines  connect  with  clutch 
pnlleys  on  the  countershaft  of  84  ins.  diameter,  giving  a  sjjeed  of  6  594 
ft.  per  minute  to  the  roiie.  This  driver,  when  the  speed  does  not 
exceed  7  500  ft.  per  minute,  by  using  sheaves  at  least  40  times  the 
diameter  of  the  rope,  the  writer  has  found  to  be  very  satisfactory,  and 
on  account  of  its  duration  mxich  cheaper  than  belt  drivers,  especially 
for  damjD  places. 

In  Orizaba,  over  two  years  ago,  the  writer  used  this  driver  for  trans- 
mitting 188  H.  P.,  for  electric-light  work;  the  rope,  which  to-day 
shows  no  signs  of  wear,  is  the  same  one  which  has  been  used  from  the 
.start,  and  the  plant  has  run  on  an  average  11  hours  every  night,  with- 
out any  interrui^tion.  Great  care  must  be  taken,  however,  not  to  put 
too  much  weight  on  the  stress  car  which  carries  the  idler  jiulley. 

Arc-Lighting  Di/nainon. — For  furnishing  current  to  operate  the  arc 
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lights,  the  familiar  Thomson-Houston  "M.  D."  dynamos  were  em- 
ployed. They  have  capacity  each  for  50  arc  lights  of  2  000  candle- 
power,  or,  in  other  words,  a  rated  outjjut  of  25  kilowatts.  The  cur- 
rent strength  is  10  amperes  and  consequently  the  maximum  voltage 
2  500. 

The  dynamos  weigh  3  tons  each,  require  floor  space  of  about  15  sq. 
ft.,  a  belt  speed  of  3  863  ft.  i^er  minute,  with  a  consumption  of  nearly 
50  H.  P.  under  full  load.  Four  such  dynamos  are  in  use,  operated  two 
in  "series"  to  avoid  multiijlicity  of  wire.  Thus,  for  a  total  capacity 
of  200  lights,  only  two  circuits  leave  the  generating  station.  Each 
dynamo  is  supjilied  with  the  usual  ingenious  and  efficient  "automatic 
regulator  and  controller,"  without  which  it  would  be  well-nigh  im- 
possible to  fulfill  the  condition.  With  siich,  however,  lamps  may  be 
lighted  or  extinguished  withoiit  the  necessity  of  paying  attention  to 
the  dynamo. 

Arc  Circuits. — The  current  is  conveyed  from  the  dynamos  by  means 
of  highly  insulated  copper  wires  to  a  slate  s-nitch  board  arranged  for 
any  desired  combination  of  machines  ;  from  here  through  current  indi- 
cators to  the  lightning  arrestors,  from  which  the  wires  are  led  to  the 
pole  line.  The  j)ressure  utilized  being  rather  above  the  safe  limit,  the 
insulation  of  the  circuit  is  augmented  by  fastening  the  wii-es  upon  oil 
insulators,  mounted  ujion  wooden  cross  arms.  The  construction  of 
these  insulators  is  such  that  leakage  is  practically  prevented,  as,  in 
order  to  escape  by  leakage,  it  would  be  necessary  for  the  electricity  not 
only  to  overcome  the  wire  insulation,  but  also  to  pass  through  two 
strata  of  oil,  the  insulating  qualities  of  which  are  well  known. 

In  the  city  of  Guadalajara  these  circuits  are  led  to  a  central 
distributing  station,  in  which  is  jjlaced  a  dujjlicate  plant  of  lightning 
arrestors,  switch  boards  and  testing  instruments.  It  is  from  this 
station  that  the  lights  are  directly  controlled. 

Arc  Lamps. — Standard  double  carbon  arc  lamps  are  used  throughout 
the  city.  They  are  suspended  from  steel  cables  stretched  from  corner 
to  corner,  supported  by  house  structures  arranged  with  jiulleys  and 
cables  so  that  the  renewal  of  carbons  may  be  readily  attended  to. 

Incandescent  Dynamos. — As  but  one  dynamo  was  desired  for  this  in- 
stallation, one  of  special  construction  was  supplied.  It  is  of  the  alter- 
nating current  type,  has  40  pole  pieces,  and  yields  approximately  350 
amjjeres  at  1  000  volts,  or,  say,  350  kilowatts. 
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Tlu'  ilviuiiiii)  \v('i';lis  bt'twi'cn  \M)  and  40  tons,  iviiuiri's  ii  Uoor  spiiciv 
of  '21()  sii.  ft.  mid  11  bolt  spiH'd  of  5  024:  ft.  pi-r  luinuti',  cousuiniuK.  under 
full  loud,  .some  750  H.  P.  Tlie  arniiitiiie  is  rnu  at  the  low  speed  of 
but  300  revolutious  per  miuute,  aud  the  shaft,  whieh  is  9  ins.  in 
diameter,  is  furnished  with  a  60-iu.  diameter  pulley,  haviuf^  28  grooves 
for  Ij-iu.  rope,  as  this  dynamo  is  driven  from  the  coiiutershaft  with  a 
rope  driver  the  same  as  between  the  turbines  and  the  countershaft. 
The  40  pole  pieces  forming  the  field  magnets  are  excited  by  means 
of  a  separate  exciter,  known  as  "D-5,"  aud  having  an  outitiit  of  5. 
kilowatts  at  125  volts. 

Various  indicating  instruments  are  installed,  enabling  the  ojjerator 
to  tell  at  a  glance  what  load  is  ujjon  either  machine  antl  at  what 
pressure  the  dynamos  are  operating.  To  convey  with  moderate  loss  so 
great  a  current  as  350  amperes  over  a  distance  of  17  miles  would 
require  a  copper  wire  having  a  sectional  area  of  about  4  sq.  ins.  Such 
a  conductor  could  not  be  used,  for  practical  reasons,  to  say  nothing  of 
the  expense,  which  would  be  itself  prohibitive.  As  the  proper  section 
of  copper  wdre  varies  directly  with  the  current  it  is  necessary  to  carry, 
it  is  obvious  that,  in  order  to  transmit  such  jjower  over  a  wire  of 
moderate  size,  the  quantity  of  current  must  be  reduced.  Without 
changing  the  quantity  of  A\'ire  this  may  be  done  by  increasing  the 
voltage,  which,  accordingly,  was  raised  to  a  maximum  of  5  000,  thus 
reducing  the  current  to  aboitt  70  amperes,  and  the  size  of  the  wire  to 
one  having  a  sectional  area  of  .1662  in. 

Step-Up  Transformet's. — To  so  increase  the  voltage  from  1000  to 
5  OOO,  a  bank  of  10  step-ui)  transformers  was  installed.  These  are 
built  upon  the  lines  of  the  type  "F"  oil  transformer  manufactured 
by  the  General  Electric  Company.  They  transform  the  energy  of  the 
dynamo  at  an  efficiency  of  about  98 ;V,  delivering  to  the  line,  therefore^ 
98^%'  of  the  energy  siipplied  them  and  at  five  times  the  pressure.  The 
transformers  are  so  designed  as  to  be  filled  with  oil,  the  insulating 
qualities  of  which  are  very  high,  thereby  increasing  the  insulation 
resistance  of  the  transformer,  rendering  it  less  subject  to  damage  from 
lightning  discharges,  and,  indeed,  restoring  the  insulation,  should  it 
be  destroyed  by  means  of  a  stroke  of  lightning.  The  transformers  are 
banked  or  operated  in  multiple.  They  have  a  capacity  of  30  kilowatts 
each;  weigh  approximately  1300  lbs.,  each  requiring  12  cu.  ft.  of 
space.     They  are  protected  by  a  simple  but  effective  system  of  circuit 
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l)reakers  and  fuse  connections,  and  the  current  passing  from  tliem  is 
carried  through  a  special  lightning  arrestor  designed  to  protect  circuits 
of  extraordinary  high  potential. 

3Iain  Circuit. — The  cross  arms,  pins  and  insulators  used  in  connec- 
tion with  the  alternating  circuit  are  precisely  the  same  as  those  de- 
scribed under  the  heading  "Arc  Circuits." 

Slep-Down  Trmisfonnerst. — The  high  potential  incandescent  line  car- 
ried to  the  central  station  in  the  city  of  Guadalajara  is  passed  through 
lightning  arresters  and  safety  devices,  as  described  above,  to  the  bank 
of  step-down  transformers,  which  reduces  the  pressure  to  1  000  volts, 
at  which  potential  it  is  carried  through  the  streets  of  Guadalajara  as 
in  ordinary  installations.  In  the  Guadalajara  Central  Station  switch 
boards  are  installed,  enabling  any  combination  of  lights  and  circuits 
to  be  made,  without  attention  to  the  dynamos  at  the  point  of  gener- 
ation. The  number  of  lights  in  operation,  the  physical  conditions  of 
the  circuits,  and  indeed  the  conditions  of  the  dynamos  at  the  genera- 
ting station,  can  all  be  determined  in  Guadalajara.  Telephonic  com- 
munication is  established  between  the  two  stations,  enabling  those  in 
charge  to  give  their  directions  promptly. 

As  a  fui-ther  protection  against  lightning,  which  in  the  State  of 
Jalisco  is  very  severe,  iron  jDoles  have  been  used,  each  surmounted  by 
a  pointed  lightning  arrestor  rising  some  3  ft.  above  the  top  of  the  pole, 
or,  say,  5  ft.  from  the  highest  current  conveying  wire.  These  arrestors 
are,  of  course,  mechanically  connected  to  the  iron  poles,  besides  which 
they  are  joined  to  each  other  by  means  of  an  iron  wire.  This  is  con- 
sidered the  most  effective  protection  possible,  as  it  j^roduces  an  arti- 
ficial earth  above  the  wires  conveying  the  electrical  current. 


Note. — The  president  of  the  company,  Mr.  .Jose  Maria  Bermejillo,  is  an  old  resident  in  the 
■country  and  very  well  known  throughout  Mexico  on  account  of  his  enterprising  character. 
This  gentleman  owns  the  Jiianacatlan  Falls,  and  has  long  been  endeavoring  to  work  up 
this  company. 

The  writer  wishes  to  express  his  sincere  gratitude  to  Mr.  Samuel  C.Peck,  of  the  Thomson- 
Houston  International  Electric  Compaoy,  and  to  Messrs.  James  Leffel  &  Company,  for  having 
so  willingly  assisted  him  in  compiling  all  the  necessary  information  towards  the  construc- 
tion of  this  impor'ant  work. 
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THE  RELATIVE  MERITS  OF  WORKING  HOISTING 

MACHINERY  BY  STEAM,   WATER  AND 
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Columbian  Exposition,   1893. 


In  approaching  this  subject,  one  should  do  so  with  an  unbiased 
mind;  unfortunately  many  people  who  haye  a  predilection  for  one 
system,  or  who,  jjerhaps,  may  be  the  parent  of  a  particular  method  of 
utilizing  power,  are  too  prone  to  conclude  that  that  system  is  best 
suited  for  each  and  every  purjjose.  The  author  cannot  urge  too 
strongly  the  fact  that  each  installation  should  be  specially  and  indi- 
vidually considered.  The  advantages  and  disadvantages  that  would 
accrue  from  the  aijplication  of  each  should  be  considered,  with  the 
result  of  selecting  the  one  which  shows  least  objections,  for  no  doiibt 
none  would  be  perfect. 

Since  the  early  days  when  the  ordinary  wheel  and  axle  windlasses 

NoTij  — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
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■were  used  for  all  kinds  of  lifting  and  hoisting,  vast  strides  have  been- 
made,  first,  in  the  application  of  steam,  then  of  hydraulic  power,  and 
lastly  of  electricity.  All  of  these  powers  can,  without  doubt,  be 
employed  for  working  all  the  known  hoisting  and  lifting  machines, 
such  as  traveling  and  fixed  cranes,  travelers,  GoKaths,  Avinding  engines, 
hoists  and  lifts,  but  not  all  with  equally  useful  and  economical  effects.. 
The  questions  that  arise,  and  which  concern  all  engineers  who  have  to 
select  and  decide  on  a  system  of  iDOwer  for  ai)plication  to  a  certain 
purpose,  are: 

Firat. — Which  system  is  most  economical  to  work? 

Second. — Which  system  entails  the  least  initial  outlay? 

Third. — Which  system  has  the  fewest  disadvantages? 

The  author  would  here  remark  that  he  does  not  profess  to  be  able 
to  say  anything  novel  about  hoisting  machinery  per  se  that  is  not 
already  familiar.  He  -n-ill  confine  his  remarks  to  comments  on  the 
suitability  of  each  system  to  the  various  purposes  to  which  they  can 
be  applied,  their  advantages  and  disadvantages,  investigating  the  pros 
and  cans  of  each,  and,  by  giving  some  figures  on  the  costs  of  installation 
and  working,  he  hopes,  by  inviting  friendly  criticism  combined  Avith 
the  statements  of  the  valuable  experience  gained  by  other  engineers  on 
this  side  of  the  Atlantic,  to  j^ut  on  record  reliable  data  which  he  trusts 
may  be  of  value  to  the  members  of  the  j^rofession.. 

Before  entering  into  the  details  indicated,  the  following  postulates 
should  be  conceded. 

First. — That  steam- worked  machines  are  supplied  with  steam  di'awn 
from  a  center  or  distributing  boiler  or  boilers,  or  that  each  machine  is 
suijplied  from  a  self-contained  boiler. 

Second. — That  where  hydraulic  jjoweris  used,  the  water  is  supplied 
from  a  central  iDumjiing  station  and  distributing  plant. 

Third. — That  where  electricity  is  used,  the  current  is  supjjlied,  as 
in  the  hydraulic  system,  from  a  generating  plant  from  a  central 
station;  for,  obviously,  if  the  hydraulic  or  electric  power  were  generated 
by  an  engine  self  contained  on  the  machine,  the  conversion  of  the 
energy  in  the  steam  into  hydraulic  or  electric  energy,  to  be  after  re- 
converted into  mechanical  power,  would  entail  considerable  loss  in 
useful  effect  as  compared  with  driving  direct,  unless  some  system  of 
storage  were  introduced. 

Steam. — To  obtain  the  full  advantage  of  steam,  when  used  as  the- 
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motive  powor,  it  is  uei-ossiirv,  ))riiniuily,  that  nil  thf  luiu-liiui's  so  driven 
should  be  sujiplied  i'i»)iii  oue  or  more  batteries  of  boilers  and  should 
bo  rofj:ularlT  at  work,  in  order  that  the  avcvajT;o  demand  for  steam  should 
bear  a  hi'ih  proportion  to  the  maximum  drawn  ol!"  and  for  which  the 
boilers  are  designed,  so  that  the  tiring  ami  evaporation  may  be  as 
nearly  as  possible  constant.  If  this  condition  of  working  does  not 
exist,  a  considerable  loss  of  otKciency  must  result. 

By  reason  of  the  difficulty  of  regulating  the  supply  and  the  com- 
bustion of  the  fuel,  which  naturally  cannot  be  quickly  adjusted  to  ac- 
cortl  with  the  varying  requirements,  jjarticularly  if  mechanical  stokers 
are  used  (which  are  so  necessary  to  economical  tiring),  it  follows  that 
at  times  of  small  demand  for  jjower  there  will  be  a  relative  excess  of 
steam  formed  going  to  waste  through  the  safety  valve,  while  during 
large  and  sudden  demands  there  will  be  a  deficiency;  and  in  case  of 
the  former,  all  the  working  expenses,  as  well  as  coal  and  water,  go  on 
uninterruptedly,  thus  reducing  the  efficiency  and  raising  the  cost  of 
working  abnormally  high. 

Again,  there  must  always  be  a  slight  continual  loss  by  radiation 
along  the  steam  i^ipes  and  boilers  however  well  protected  by  some  of 
the  many  non-conducting  compositions,  and  which  increases  propor- 
tionally when  the  demand  for  steam  is  low. 

One  method  of  lessening  the  cost  of  working  is  by  keeping  the 
boiler  output  constant.  The  overcoming  of  the  difficulties  of  storing 
heat  energy  as  it  is  formed  in  excess  of  the  supply  drawn  has  recently 
been  brought  forward  by  Mr.  D.  Halpin,  of  London,  and  referred  to 
by  Professor  G.  Forbes  in  his  ijajjer  read  before  the  St.  Louis  National 
Electric  Light  Association  on  March  1st,  1893. 

It  is  well  known  that  when  a  large  plant  is  at  work,  the  individual 
units  being  spread  over  an  extended  area,  the  demand  for  pow-er  must 
fluctuate,  and  that  the  minimum  and  maximum  loads  differ  very 
greatly  from  each  other,  the  maximum  load  sometimes  reaching  from 
three  to  four  times  the  average  load.  To  cope  with  this  fluctuation,  it 
is  necessary  to  sujjply  motive  power  capable  of  handling  the  maximum 
demand  when  it  arises,  and  which  is  consequently  three  to  iowv  times 
the  capacity  that  it  need  be  if  the  power  were  required  at  an  even 
rate  and  of  the  same  total  amount. 

The  system  may  be  briefly  described  as  follows : 

A  suflBcient  number  of  ordinary  boilers  are  fitted  up  and  worked 
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night  and  day,  and  are  of  sucli  a  capacity  that  the  steam  generated  by 
them  during  that  ijeriod  ^vill  suffice  for  a  day's  work;  to  these  are 
attached  what  are  styled  "  Thermal  Storage  Reservoirs,"  which  are 
proposed  to  be  of  a  vertical  cylindrical  form,  and  the  live  steam  taken 
from  them  direct  to  the  engines. 

Instead  of  the  usual  number  of  ordinary  boilers,  some  of  which 
are,  during  nearly  all  the  working  hours,  doing  duty  at  an  uneconomical 
load,  while  others  have  to  be  kept  fired  up  in  a  state  of  readiness,  that 
are  required  for  supplying  sufficient  steam  to  cope,  not  only  with  the 
average,  but  the  maximum,  demand,  Mr.  Hali^in  proposes  to  reduce 
their  number  to  such  an  extent  that  those  left  shall  be  constantly  at 
work  at  their  most  economical  load  during  the  24  hours,  that  is  to  say, 
that  their  total  capacity  per  day  (of  24  hours)  shall  be  slightly  in  ex- 
cess of  the  total  demand  for  steam  during  the  hours  of  working. 

A  sufficient  number  of  thermal  storage  reservoirs,  which  are  to  be 
vertical  cylinders,  egg-ended,  30  x  8  ft. ,  are  connected  to  the  reduced 
number  of  generating  boilers,  and  nearly  full  of  water,  sufficient 
space  being  left  at  the  tops  to  allow  of  ample  steam-generating  space, 
the  boilers  themselves  being  full.  A  necessary  condition  to  the  main- 
tenance of  an  efficient  storage,  and  to  keep  this  j^laut  as  small  as  pos- 
sible, is  that  the  pressure  in  the  generating  boilers  and  the  receivers 
should  be  considerably  higher  than  that  at  which  the  engines  are  to 
Avork,  the  pressures  projjosed  being  250  and  130  lbs.,  resjjectively. 
The  steam  sujiplied  is  drawn  off  from  a  steam  receiver  connecting  all 
the  reservoirs,  and  passes  through  a  reducing  valve.  The  action  is 
then  as  follow :  The  water  in  the  generating  boilers  is  heated  and  cir- 
culated round  the  system  up  to  such  a  temperature  as  accords  with 
250  lbs.  pressure  (406^  Fahr.).  The  engines  then,  as  already  men- 
tioned, are  siii^plied  direct  from  the  reservoirs,  and  at  times  of  small 
demand,  beloAv  the  average,  heat  is  stored  in  the  reservoirs;  while  at 
times  of  large  demand,  above  the  average,  steam  can  be  drawn  away 
fi'om  the  reservoirs  at  any  rate  desired,  which,  as  it  is  drawn  oflf, 
relieves  the  pressure  to  which  the  heated  stored  water  is  subjected; 
the  latter  concurrently  flashes  into  steam  and  keeps  up  the  supply. 
It  is  proposed  to  keep  the  level  of  the  water  in  the  reservoirs  as  con- 
stant as  possible,  but  during  periods  of  heavy  loads  and  large  demand 
it  is  allowed  to  fall,  being  made  up  again  during  periods  of  small 
demand.      The  feed  water  is  pumped   into  the   reservoirs   where  all 
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sediment  is  ilt'i)()sittHl,  as  liot  us  jxjssihlc;  by  this  ineaus  the  boilers 
always  work  on  eleun  water,  which  f^reatly  enhanees  their  efficiency 
and  life. 

The  practical  efficiency  of  this  system  has  yet  to  be  i)roved,  the 
great  question  being  the  regulating  and  insuring  of  proper  circulation 
of  watei-,  which,  when  the  number  of  storage  reservoirs  containing  it 
are  greater  than  the  number  of  the  generating  boilers  sujjplyiug  them, 
causes  such  an  increase  in  the  difficulties  that  on  this  particular  point 
the  whole  success  must  dejjeud.  In  other  resjjects,  one  can  venture 
to  proi^hesy  satisfactory  results. 

When  hoisting  machinery,  such  as  isolated  cranes,  lifts,  etc.,  is 
used,  it  is  necessary  to  economy  that  they  should  be  constantly  at 
■work,  or  else  a  considerable  loss  must  take  place  in  the  combustion 
of  fuel  during  the  periods  of  light  load  or  small  demands  already  al- 
luded to. 

Where  a  large  plant,  however,  such  as  is  generally  used  at  all  docks 
of  importance,  and  where  a  large  proportion  of  the  cranes  could  be 
relied  upon  to  be  working  simultaneously,  steam  can  be  economically 
supi^lied  from  a  central  battery  if  other  and  disturbing  conditions  do 
not  arise,  such  as  : 

(a)  The  difficulty  of  connecting  the  cranes  to  the  main  steam 
pipes,  at  the  different  points  required  for  service,  where 
such  cranes  are  to  be  movable  along,  for  instance,  the  side 
of  a  qtxay. 

(b)  Eisks  of  sudden  and  complete  stoppage  of  the  whole  of  the 

plant,  and  danger  to  human  life  in  case  of  the  bursting  of  a 
main. 

(c)  The  loss  entailed  by  reason  of  the  expense  and  difficulty  of 

returning  the  exhaust  steam  to  the  boilers,  or  else  allowing 

it  to  escape  into  the  atmosphere. 
The  author  is  aware  that  this  question  of  supplying  steam  over  an 
extended  area  has  been  successfully  accomplished  by  the  steam  sup- 
ply of  New  York;  but  here,  as  far  as  he  knows,  the  spent  steam  and 
condensed  water  is  caused  to  flow  back  again  to  the  generating  station, 
where  it  is  no  doubt  easily  returned  to  the  boilers.  Where,  however, 
the  steam  supply  is  to  be  used  for  motive-power  purposes,  it  would  be 
necessary  to  condense  the  steam  at  the  generating  station  on  its  re- 
turn, so  as  not  to  throw  a  back  pressure  on  the  consumer's  engines,. 
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thus  necessitating  increased  plant  and  -working  expenses.  For  driv- 
ing shop  or  yard  travelers,  this  system  of  central  steam  supi^ly  is  not 
applicable,  on  account  of  the  difficulties  referred  to  in  the  way  of  con- 
nections of  machines  to  steam  pipes  while  allowing  for  their  traveling. 

With  regard  to  efficiency,  it  appears  from  the  comparison  of  dif- 
ferent steam  cranes  and  hoisting  machines  that  about  1.1  to  1.4  lbs. 
of  steam,  on  the  average,  are  utilized  in  the  cylinders  (at  60  lbs.  boiler 
pressure)  in  small  and  large  cranes,  respectively,  for  every  horse-power 
of  work  done  on  the  weight  lifted,  and  taking  the  evaporation  of  water 
per  pound  of  coal  in  the  case  of  a  central  supply  battery  at  9  lbs.  and 
in  self-contained  power  machines  as  about  7  lbs.,  the  figures  work  out 
as  follows:  In  plant  supplied  from  central  battery  7.33  lbs.  of  coal  are 
required  per  hour  per  horse-i^ower  done  on  the  weight,  and  in  self- 
contained  machines,  9.4  pounds. 

To  test  the  actual  cost  on  a  large  practical  scale,  the  author, 
through  the  kindness  of  some  friends  at  an  imjiortant  coal  station  in 
London,  has  been  enabled  by  a  three-days'  trial  to  determine  that  the 
cost  of  lifting  coal  from  the  holds  of  vessels  lying  alongside  on  to 
the  wharf  to  be  Ijd.  per  ton.  This  includes  craneman's  wages,  cost 
of  cranes  (taking  their  life  at  20  years),  coal,  oil,  waste,  water  and  re- 
pairs. 

For  large  concrete  block-setting  machines,  generally  known  as 
^'  Titans,"  or  for  yard  travelers,  contractors'  cranes,  excavators  and 
such  tools,  machines  with  self-contained  engines  and  boilers  would 
no  doubt  prove  the  most  serviceable. 

Tn  steam-hoisting  machinery  there  are,  necessarily,  a  large  number 
of  working  parts,  both  in  the  engines  and  the  machines  proper, 
including  the  various  shafts,  gears,  clutches'  or  cones  for  putting  the 
different  motions  in  and  out  of  action.  These  not  only  give  rise  to 
much  rattle,  wear  and  tear,  but  necessitate  a  heavy  amount  of  upkeep 
and  require  the  attention  of  an  experienced  driver,  who  also  has  to 
attend  closely  to  the  boiler  firing  and  feeding,  while  undivided  atten- 
tion should  be  given  to  the  work  in  jn-ogress. 

Hydraulic  Power. — As  in  the  ca!?e  of  steam,  to  use  this  jjower  econom- 
ically it  is  also  necessary  that  all  the  jjlant  supplied  from  one  central 
station  should  be  regularly  at  work,  and  that  the  average  demand  for 
power-water  should  bear  a  high  proportion  to  the  maximum  that  the 
plant  is  designed  for  ;  otherwise  the  losses  in  hiel,  steam  and  general 
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workiuj;  t'xpouses  at  perioils  of  small  ili'iiiaiul  will  »".\ist.  These  losses, 
howevei',  I'au  bo  effectually  prevoutoJ  in  certain  cases,  where,  instead 
of  obtaining  the  pressure-water  by  passing  it  through  accumulators, 
circumstances  permit  the  use  of  a  storage  reservoir,  i)lacecl  at  the 
required  height,  to  give  the  desired  pressure,  and  of  such  a  capacity 
as  to  contain  a  supply  for  at  least  2-4  hours'  working.  This,  neglect- 
ing pipe  friction,  would  be  1  013  ft.,  to  give  an  effective  pressure  of  700 
lbs.  per  sqiiare  inch.  In  this  case,  under  such  conditions,  the  iniiiii)iug 
l>lant  would  only  have  to  be  of  sutHcieut  daily  capacity  as  the  average 
required  by  the  working  plant  spread  over  the  24  hours. 

Where  plants,  however,  take  the  form  of  a  public  service,  such  as 
exist  in  London,  Hull,  Birmingham,  Liverpool,  Manchester,  and 
some  of  the  chief  cities  m  Australia,  and  where,  by  the  multiplicity 
of  uses  to  which  the  power  is  ajsplied,  the  average  demand  in  such 
cases  becomes  fairly  constant  during  known  periods,  the  daily  con- 
sumption is  proportioned  somewhat  as  follows  :  From  6  to  8  a.  m., 
when  the  artisan  class  commence  w'orking,  w'arehouses  and  loading  and 
unloading  stations  are  the  chief  users  ;  from  9  to  12,  full  demand  takes 
place,  by  the  continuance  of  this  class  of  work  j^lus  that  required  for 
passenger  lifts  for  offices,  etc. ;  there  is  then  a  lull  during  the  lunch  or 
dinner  hoiir,  and  from  2  till  5  or  6,  when  the  warehouses  close,  there 
is  again,  the  full  demand.  After  this  another  special  requirement  takes 
place,  in  the  use  of  lifts  in  hotels,  clubs,  chambers,  residential  man- 
sions, etc.,  giving  a  gradually  lowering  load  until  midnight,  when  the 
minimum  takes  place  until  6  a.m.  And  so,  by  the  use  of  a  constant 
daily  diagram,  which  can  be  taken  and  recorded,  it  becomes  possible 
for  the  officer  in  charge  of  the  central  station  to  regulate  the  firing  of 
the  boilers  and  generation  of  the  steam-iJower,  and  thus  a  fairly  good 
efficiency  and  economical  working  of  the  jjlant  can  be  obtained  even 
Avhere  the  water  pressure  is  obtained  by  passing  it  thi'ough  acciimii- 
lators. 

There  is  no  doubt  that  hydraulic  power  is  peculiarly  adapted  for  all 
kinds  of  lifting  purposes,  the  working  of  presses  of  all  types,  and 
last,  but  not  least,  as  a  means  of  obtaining  powerful  jets  of  water  for 
the  extinction  of  fij'es. 

The  action  of  the  water  in  the  hydraulic  cylinders,  viz.,  the  moving 
of  the  rams  in  a  rectilineal  direction,  renders  this  power  the  most 
direct  of  all  others,  as  all  hoisting  machinerv  has  obviouslv  to  move 
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"weights  straiglit  up  and  down,  and  all  rotary  motion,  with  the  con- 
stant reduction  in  speed  and  the  consequent  wear  on  rapidly  moving 
parts,  can  be  dispensed  with.  The  exjjression  "  rapidly  moving  "  is 
used  advisedly,  as  in  almost  all  cases  the  prime  revolving  motor,  to  be 
within  reasonable  projiortions,  has  to  be  made  to  work  at  a  relatively 
high  sjaeed.  With  regard  to  wear  of  hydraulic  machines,  the  friction 
of  the  rams  in  the  glands  is  almost  infinitesimal  ;  the  only  parts  sub- 
ject to  much  work  and  abrasion  are  the  chains  or  rojies  and  the  axles 
of  the  iJulleys  over  which  they  pass.  This,  also,  is  very  small,  owing 
to  their  slow  sj^eed  of  rotation. 

One  great  disturbing  element  to  the  iiroportiouing  of  the  supply 
of  water-power  to  the  work  to  be  done,  always  more  or  less  exists  in 
hydraulic  machinery,  and  is  due  to  the  fact  that  water  isnon-comjjres- 
sible  and  non-expansive,  the  result  being  that  the  same  quantity  of 
water  is  used,  w^hether  the  load  lifted  is  great  or  small,  and,  in  the  case 
of  hydraulic  engines,  that  there  is  difficulty  in  regulating  the  strokes 
to  the  work  required  to  be  done. 

In  this  branch  of  mechanical  engineering,  however,  some  suc- 
cess has  been  arrived  at  in  overcoming  these  objections. 

With  regard  to  lifts,  instead  of  having  only  one  hydraulic  ram  or 
jigger  for  working  hoists  or  suspended  lifts,  ur  only  one  ram  or  cylinder 
for  the  direct-acting  lift,  several  actuating  rams  are  supplied,  attached 
to  a  common  crosshead,  and  which  can  either  be  worked  separately, 
combined,  opposed  or  collectively  ;  and  by  admitting  the  water  to  them 
in  either  of  the  ways  just  mentioned,  it  will  be  seen  that  any  desired 
jjower  can  be  obtained,  the  regulation  of  the  admission  of  water  to  any  or 
all  of  these  cylinders  being  controlled  by  a  supplementary  valve  called 
a  power-setting  valve,  in  addition  to  the  ordinary  starting  valve.  In 
this  case  the  attendant  has  only  one  starting  valve  to  oj^erate,  and  on  his 
opening  the  passage  for  the  water  it  flows  to  the  cylinders  first  through 
the  power-setting  valve,  which  latter,  being  hydraulically  pressed  for- 
ward, keeps  on  moving  to  greater  and  greater  powers  by  giving  access 
to  further  cylinders,  until  the  lift  rising  has  attained  a  certain  pre- 
scribed speed,  when  the  power-setting  valve  is  locked  by  a  pawl  worked 
by  a  governor,  and  the  lift  goes  on  rising  at  the  correctly  proportioned 
power.  "\ATien  the  lift  stops,  the  governor  drojjs,  the  pawl  is  released, 
and  the  jjower-setting  valve  returns  to  its  normal  position.  Even  with 
this  arrangement,  however,  an  exact  proportioning  of  water  used,  to 
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\vi>rk  ilouo,  is  ol)taiue(l  ouly  occasioually,  whcu  the  weight  haijpeus  to 
tit  in.  Of  course,  the  greater  the  number  of  powers,  the  closer  the 
approximation.  The  saving  eifectecl  by  this  type  of  hoist  or  lift  is 
stated  to  be  considerable,  and  from  experiments  that  have  been  made 
between  an  ordinary  jigger  lift  and  a  similar  one  fitted  with  the  difter- 
ential  cylinders,  the  following  figui'cs  were  obtained  : 


Ordinary  jipger  lift. 
JJew  jigger  lilt 


Number    of 

clays   at 

work. 


Number    of 
trips  made 


Gallons  of 
water  used. 


27.5 
134 


54  493 
27  291 


393  400 
80  700 


Gillons   per 
trip. 


7.22 
2.05 


Gallons  per 
passenger. 


3.8 
1.47 


The  saving  being  57.9  jier  cent. 

In  the  best  designs  of  hydraulic  cranes,  when  fully  loaded  and  under 
favorable  conditions  as  to  working,  the  total  efficiency  is  about  60  to 
70"o ,  while  in  direct-acting  hoists,  that  is  to  say,  where  only  one  ram  is 
iised,  this  would  rise  to  about  80"o,  which  represents  on  the  average 
about  35  lbs.  or  3^  galls,  of  water  for  every  horse-power  of  work  done 
on  the  weight  lifted.  This  referred  to  the  consumption  of  coal  at  the 
central  station  means  4.5  to  5  lbs.  per  horse-power  in  weight  lifted  by 
the  machine. 

With  regard  to  cranes  or  travelers,  this  principle  of  varying  the 
power  automatically  to  suit  the  weight  cannot  be  applied  so  easily 
owing  to  the  fact  that  in  this  class  of  machine  it  never  starts  in  motion 
with  the  full  load,  and  a  certain  amount  of  movement  has  to  be  made 
to  pull  up  the  slack  chain  or  rope,  which,  in  the  case  of  a  isower- 
setting  valve,  would  take  up  a  position  of  a  lower  power  than  that  re- 
quired when  the  power  came  on.  But  still  the  j^ower-setting  valve  or 
its  substitute  could  be  controlled  by  hand,  the  drawback  to  this  being 
that  the  operator  would  in  all  probability,  to  save  himself  trouble,  go  at 
once  to  the  highest  power. 

Referring  to  hydraulic  engines,  Mr.  A.  Eigg,  of  London,  has  made  a 
special  tyjje  known  as  a  revolving  engine,  in  contradistinction  to  a 
rotary.  By  his  system  the  stroke  of  the  pistons  in  the  cylinders  are 
variable  and  proportioned  automatically  to  the  work  to  be  done,  the 
means  of  doing  this  being  as  follows:  Three  or  ionr  pistons  are  each 
l^ivoted  equidistant  apart  to  the  inside  of  a  ring  forming  a  fly-Avheel, 
while  the  cylinders  in  which  they  work  are  pivoted  round  a  common 
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center  piece  forming  a  steam  cliest  and  valve  chamber,  their  center 
being  capable  of  lateral  movement  along  a  line  passing  througli  tlie 
center  of  tlie  fly-wlieel  and  controlled  by  the  governor;  from  this  it 
will  be  seen  that  when  the  two  centers  coincide,  no  relative  movement 
of  pistons  and  cylinders  takes  place  while  when  disjjlaced,  rotation 
will  take  place  in  either  direction  according  to  which  side  of  the  fly- 
wheel center  they  are  situated,  and  the  jjower  given  out  will  be 
proportional  to  the  amount  of  eccentricity  of  the  cylinder  iDivot. 

This  engine  does  not  appear  to  have  been  appreciated  as  its  meiits 
deserve,  but  the  author  believes  that  they  could  do  good,  economical 
and  valuable  work.  Several  are  in  daily  use  working  capstans,  pump- 
ing, and  even  driving  dynamos. 

Elect ncity. — With  regard  to  the  use  of  this  still  mysterious  agent  as 
a  motive  power  for  lifting  i^urposes,  a  fair  amount  of  work  has  been 
done  of  late  years,  not  only  by  manufactuiing  electricians,  but  by 
mechanical  manufacturing  engineers  particularly,  and  the  author  has 
had  the  advantage  of  making  tests  with  some  of  them.  The  remarks 
relating  to  the  necessity  of  the  plant  being  regularly  at  work,  etc., 
ajjply  totheuse  of  electricity  as  well  as  of  steam  and  water,  for  although 
the  nature  of  the  dynamo  machine  is  such  that  the  electrical  output 
regulates  itself  in  accordance  with  the  demand,  yet  the  prime  mover 
(the  boiler)  still  gives  rise  to  the  difficulties  of  regulating  the  fuel  and 
steam  generated.  The  use  of  secondary  batteries  gets  over  this  trouble 
to  a  gi-eat  extent,  and  they  are  used  chiefly  in  connection  with  the 
public  electric-light  installations,  where  continuous  currents  are  used; 
but  this,  of  course,  entails  an  increased  initial  outlay  and  about  12  to 
19)%  for  dejjreciation.  It  ajipears,  so  far,  that  electricity  can  be  applied, 
and  made  to  work  all  the  known  kinds  of  hoisting  machinery;  but 
whether  it  can  ever  compete  successfully  with  hydraulic  power  for  gen- 
eral use  still  remains  to  be  proved.  In  case  of  hoisting  machinery,  such 
as  lifts,  there  is  no  doubt  that  the  direct-acting  ones  are  far  j^referable  to 
those  that  are  electrically  worked.  In  Victoria  Mansions,  Westminster, 
London,  Avhere  the  author's  offices  are  situated,  there  are  several 
hydraulic  lifts,  and  two  of  them  have  lately  been  fitted  with  an  inde- 
pendent accumulator  and  a  set  of  thi'ee-throw  i^umps,  the  latter  Avorked 
by  an  eleciric  motor.  By  this  means  the  jjower-water  is,  after  passing 
through  the  cylinders,  returned  to  a  tank  and  used  over  and  over  again. 
The  motor  is  compound  wound  and  drives  on  to  a  worm  wheel,  the 


GOODWIN  OX  WOKKINC,  lIOJSTINd  .M  VClIINEKY.  705 

euil  thrust  of  tlu«  worm  sliuft  hchi>r  takcu  liv  a  Hories  of  siuall  luir<l- 
steel  balls  working  between  two  hard-steel  grooved  rings,  which  system 
the  author  first  suggested  in  1889.  The  total  efficiency  of  the  com- 
biucd  machines,  that  is  to  say,  the  in-oportiou  between  the  horse- 
power in  the  water  pum])ed  and  the  horse-power  absorbed  by  the 
motors  is  over  50",,,  and,  as  far  as  time  has  permitted  a  judgment  to  be 
made,  the  arrangement  is  giving  satisfactory  results.  The  switching 
on  and  oil"  of  the  currents  are  controlled  by  the  rise  and  fall  of  the 
accumulator  weights.  This  system  might  find  suitable  applications 
in  other  cases,  but  would  have  to  be  governed  by  the  price  of  water. 

With  regard  to  working  cranes  or  travelers  by  electricity,  both 
shunt  and  comx)ound  wound  motors  are  used;  but  the  advantages  lie 
chiefly  with  the  latter,  as,  by  using  that  system  of  winding,  a  uniform 
speed  of  motor  is  obtained  irrespective  of  the  weight  lifted,  and  again 
it  enables  the  machine  to  be  stopped  and  started  with  the  load  on. 
For  engineering  shops,  foundries,  setting  of  concrete  blocks,  etc. ,  this, 
of  course,  is  of  primary  importance,  and  it  will  be  found  best  to  have 
separate  motors  for  each  movement,  such  as  lifting,  traveling  and  rack- 
ing, as  not  only  is  mechanical  gear  saved,  but  it  gives  the  driver 
easy  and  undivided  control  of  each  movement,  leaving  his  whole  atten- 
tion to  be  devoted  to  the  object  lifted.  The  mechanical  construction  of 
the  cranes  or  travelers  can,  of  course,  be  made  of  any  type,  for  instance: 

(a)  When  one  motor  only  is  used  on  a  traveler  it  can  be  made 

to  drive  a  transverse  endless  rope  jjassing  over  and  under  a 
series  of  jjulleys  and  jockey  pulleys  attached  to  the  crab 
frame,  the  said  pulleys  actuating  the  various  movements 
either  by  clutches  or  ojDen  and  crossed  bands. 

(b)  Or  where  a  sej)arate  motor  is  used  to  work  each  movement, 

if  compound  wound,  would  be  rigidly  attached  to  one  of  the 
si^ur  pinions  in  connection  with  the  respective  gears. 

(c)  Another  system  would  be  to  attach  the  motor  to  the  traveling 

crab,  which  would  save  some  friction  in  the  way  of  driving 

it  from  one  end. 
In  the  case  of  cranes  the  motors  are  generally  made  to  work  direct 
on  to  a  worm,  the  w  heel  being  on  the  drum  shaft  or  directly  geared  to 
it,  or  the  shaft  of  the  armature  may  be  fitted  with  a  pulley  with  a 
slightly  hard  but  compressible  face  and  pressed  against  the  face  of 
another  driving  pulley  geared  to  the  barrel,  and  so  driving  by  friction. 
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The  most  recent  electiic  cranes  that  have  been  put  up  in  England 
are  those  at  Southampton,  the  frame-work  being  made  by  Messrs. 
Stothert  &  Pitt,  and  the  electrical  portions  bv  Messrs.  J.  G.  Statter  k 
Comiiany.  These  cranes  are  very  much  on  the  lines  of  those  supplied 
to  the  Hamburg  docks  and  manufactui-ed  by  Messrs.  Siemens  «i: 
Halske,  of  Berlin,  but,  as  they  contain  some  novel  features,  the  author 
ventures  to  describe  them  somewhat  in  detail. 

The  cranes  are  suijported  on  a  traveling  gantry  having  but  one  ver- 
tical end,  viz.,  double  frame,  carried  on  four  wheels  running  on  two 
lines  of  rails.  The  other  end  of  the  gantry  terminates  horizontally 
and  is  supported  on  an  overhead  rail  on  a  i)air  of  wheels,  but  geared 
with  the  former.  This  arrangement  admits  of  the  greatest  clear  space 
under  the  cranes,  which  is  necessary  in  order  not  to  obstruct  the 
l^assage  of  locomotives  or  trucks  on  the  railway  which  runs  under  the 
gantry.  Each  crane  and  its  frame  weighs  about  3-5  tons  and  is  capable 
of  being  easily  moved  along  by  hand  gear,  in  order  to  plumb  the  holds 
of  any  vessel  it  may  be  handling.  The  cranes  are  arranged  to  lift  at 
200  ft.  per  minute  and  to  slew  at  400  ft.  per  minute,  and  the  maximum 
duty  of  each  crane  is  3  tons.     The  radius  of  the  jibs  is  27  ft.  6  ins. 

There  are  two  "Statter"  motors,  the  one  for  lifting,  absorbing  200 
volts  and  220  ami)eres,  making  600  revolutions  per  minute.  It  runs 
continuously  and  drives  a  worm  and  worm  wheel.  The  worm  wheel  is 
put  into  gear  with  the  barrel  by  means  of  a  "Lindsey"  transmitter. 
Switch  gear  is  provided  for  stopping,  starting  and  reversing  this 
motor,  as  required.  The  slewing  motor  has  a  capacity  of  50  amperes  at 
200  volts  and  makes  1  000  revolutions  per  minute.  It  drives  by  means 
of  a  worm  and  worm  wheel,  a  pinion,  gearing  into  a  circular  toothed 
rack.  This  motor  is  stoj^i^ed,  started  and  reversed,  and  is  always  in  gear. 
Suitable  slipping  clutches  are  provided  between  motor  and  worm  gear 
in  both  cases.  A  powerful  foot  brake  is  also  provided.  In  addition 
there  is  a  magnetic  brake,  which  comes  into  oj^eration  and  holds  the 
load  in  case  cf  failure  of  the  suj^i^ly  of  current  to  the  crane. 

The  current  is  supplied  to  the  cranes  in  question  by  the  South- 
ampton Electric  Light  Company,  which  has  laid  down  a  special  main 
from  its  station  to  the  switch-house  at  the  head  of  the  quay.  From 
this  point  the  crane  mains  are  carried,  and  consist  at  present  of  copper 
of  .  25  sq.  in.  section,  capable  of  extension  to  1 .  25  sq.  ins.  These  are  run 
in  a  concrete  culvert  down  part  of  the  quay  and  in  a  wooden  culvert 
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piti'liod  iusiilo  iiiul  outside,  uudcnu-ath  the  timber  friimiuo- of  tlie  quay. 
At  the  cranes  these  luaius  deliver  the  ciiiTent  through  insulated  cable 
ends  to  two  ovorhoad  eonduetors  of  silicon-bronze  wire.  Two  clami)- 
iu};'  blocks  are  arrauj>ed  under  the  gantry  to  each  crane,  one  to  take 
the  positive  and  the  other  the  negative  line.  These  are  clamped  by  a 
screw  and  hand  wheel,  i-onibiued  with  a  stop  gear  which  locks  the 
wheels  of  the  crane  gantry  when  the  leads  are  clami:)ed,  and  obliges  the 
di'iver  to  iiuelamp  his  conductor  before  attempting  to  move  the  crane. 
When  the  condiictors  are  uuclamijed,  the  current  is  sui^plied  to  the 
crane  by  the  dead  weight  of  the  conductors  resting  in  the  lower  half 
of  the  clamps.  The  current  is  led  from  these  clamping  blocks  in  a 
special  heavy  grooved  hard-wood  channel  to  the  center  pivot  of  the 
crane.  This  pivot  is  of  steel  6  ins.  in  diameter,  bored  with  a  2-in.  hole 
through  which  the  leads  pass.  On  the  head  of  the  crane  pin  a  pair  of 
collector  pins  are  fixed,  and  from  them  the  current  is  led  to  the  switch- 
board. The  switchboard  fixed  in  the  cabin  contains  the  ampere  meter, 
main  switches  and  fuses  for  lifting  and  slewing  motors,  together  with 
switches  for  six  lamps  which  are  employed  to  light  the  crane  cabin  and 
to  throw  light  upon  the  loads.  The  lamps  for  the  latter  duty  are 
fixed  in  a  reflector  .similar  to  the  system  of  reflector  used  in  the  Naval 
and  Mercantile  Marine.  Each  reflector  is  attached  to  the  jib.  From 
this  switchboard,  the  current  for  the  lifting  and  slewing  motors  is  led 
to  special  lever  switches  which  grade  the  supply  of  current  and  con- 
sequently the  torque  and  speed  of  the  motors.  The  working  siirfaces 
of  the  switches  are  built  of  a  special  commutator  metal  insulated  by 
mica.  The  switches  combine  in  one  a  regulating  and  reversing 
switch.  With  the  lever  vertical,  the  current  is  ofi"  the  motor ;  when 
forward,  it  causes  in  the  case  of  the  slewing  motor  a  slew  to  the  left 
hand,  and  when  backw^ards,  a  slew  to  the  right.  The  slewing  may  be 
performed  at  a  very  slow  speed  or  at  the  full  400  ft.  per  minute,  accord- 
ing to  the  extent  to  which  the  lever  is  pulled  over  from  the  vertical. 
The  sparking  is  taken  at  two  carbon  points.  There  is  no  sparking  on 
the  contact  jjlates.  Steel  wire  rope  is  used  for  the  lifting.  The  cranes 
have  been  tested  by  lifting  their  full  load  in  the  presence  of  the  Har- 
bor Committee  and  their  engineer.^-" 

*  These  craoes  weigh  35  tons,  and  the  price  is  £1  450,  while  for  hydraulic  ones  of  the  same 
capacity  on  arched  platforms  to  span  railway  underneath,  the  weight  would  be  28  tons  and 
the  price,  £750. 
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The  tests  alliiclecl  to  by  tlie  author  were  carried  out  with  the  view  of 
determining  the  following  : 

First. — E.  H.  P.  absorbed  by  the  motor  when  lifting  the  chain  and 
hook  with  no  load,  so  as  to  determine  the  friction  of  the  machine. 

Second. — E.  H.  P.  absorbed  when  lifting  known  weights  at  known 
speeds. 

Third. — Energy  in  horse-power  put  into  the  weight  lifted. 

Fourth. — The  efficiency  of  the  machine. 

Fifth. — E.  H.  P.  absorbed  by  motor  when  lowering  the  load. 

Sixth. — E.  H.  P.  absorbed  when  traveling  and  lifting. 

Seventh. — E.  H.  P.  absorbed  when  traveling  and  lowering. 

1st  Test. — Single  8-H.  P.  motor,  shunt  wound,  driving  a  traveler 
by  means  of  endless  gut  rope  and  crossed  and  open  bands,  as  pre- 
viously described,  80-volt  circuit. 

When  lifting  chain,  block  and  hook,  6  E.  H.  P. ;  when  lifting  6  tons 
at  2  ft.  a  minute,  the  E.  H.  P.  was  7.6  and  the  actual  horse-power  in 
weight,  1.04;  when  lifting  1.7  tons  at  18j  ft.  a  minute,  the  E.  H.  P.  was 
10.5  and  the  actual  horse-^jower  in  weight,  2.2;  efficiency  of  machine  at 
6  tons,  l^.b%;  efficiency  of  machine  at  1.7  tons,  21  per  cent. 

2d  Test. — Single  8-H.  P.  motor,  shunt  wound,  working  a  traveler, 
driving  and  traveling  by  a  transverse  shaft  with  compressed  paper 
friction  cones  at  each  end,  driWng  two  cross  shafts  by  means  of  being 
l^ressed  against  chilled-iron  coned  discs,  100-105-volt  circuit. 

When  lifting  light,  1.77  E.  H.  P.;  when  lifting  7  tons  at  7  ft.  a 
minute,  5.75  E.  H.  P.;  energy  in  horse-jjower  put  into  weight,  3.32; 
efficiency  of  machine,  57.7  per  cent. 

3d  Test. — This  was  an  ordinary  hand-i)ower  foundry  traveler,  con- 
verted for  working  electrically,  and  was  driven  by  one  single  motor  at 
one  end,  all  the  other  motions  being  taken  off  one  transverse  shaft. 

When  lifting  light  (quick  speed),  2.83  E.  H.  P.;  when  lifting  light 
(slow  speed),  2.4  E.  H.  P. ;  when  lifting  4  tons  at  8.9  ft.  a  minute,  the 
E.  H.  P.  was  7.73,  and  actual  horse-power  in  weight,  2.42;  when  lifting 
4  tons  at  3.4  ft.  a  minute  the  E.  H.  P.  was  5.0  and  the  actual  horse-power 
in  weight,  .9;  when  lifting  9,  13.5  and  18.5  tons  at  3  ft.  a  miniite,  the 
E.  H.  P.  were  6.8,  9.6,  9.9,  while  the  actual  horse-powers  in  weight 
were  2,  3  and  3.7;  the  efficiency  of  the  machines  in  the  above  cases 
varied  from  29.05  to  37.5  per  cent. 

4th  Test. — Southampton  cranes. 
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WluMi  lilting-  li^Ht,  l.Ol  K.  H.  P.;  wlu-u  lift  in-- .7")  ton  at  2()()  ft.  a 
miuutf,  the  E.  H.  P.  was  25.1(5,  wiiilo  the  actual  lu)rsi'-i)()\v(u-  in  weight 
was  10.17;  whou  liftiug  1  tou  at  200  ft.  a  minute,  the  E.  H.  P.  was  31.68, 
while  the  aetiial  horse-power  in  weight  was  13.57;  when  lifting  1.2  tons 
at  200  ft.  a  minute,  the  E.  H.  P.  was  36.86,  while  the  actual  horse-power 
in  weight  was  16.29;  when  lifting  1.5  tons  at  200  ft.  a  minute,  the 
E.  H.  P.  was  42.02,  while  the  actual  horse-power  in  weight  was  20.35; 
otticiency  of  machine  when  lifting  the  difterent  weights  was  40.4,  42.8, 
44.1,  48.4'\,';  when  slewing  at  tull  speed  1.86  E.  H.  P.  was  consumed. 

In  all  the  above  cases,  if  the  E.  H.  P.  used  when  lifting  light  be 
deducted  from  the  E.  H.  P.  when  lifting  loads,  the  net  efficieucv  at- 
tributable to  doing  work  is  good,  viz.,  65  and  49 *V  in  the  first  case, 
71.7,V  iu  the  second  case,  50  V  iii  the  third  case,  and  53  "V  in  the  last 
one,  thus  jpoiuting  to  the  direction  in  which  further  efficiencies  could 
be  obtained. 

From  this  it  will  be  seen  the  total  efficiency  of  the  machines  in 
tests  Nos.  1  and  3  is  not  high,  the  worst  result  being  No.  1,  the  loss  of 
power  in  this  case  being  evidently  due  to  the  necessity  for  a  large 
amoimt  of  gearing  when  working  such  a  machine  from  one  high-sj)eed 
motor. 

A  full  table  of  the  above-described  tests  is  given  in  Aj^peudix  No.  1. 

Some  short  time  ago  the  author  was  called  in  by  the  Southampton 
Harbor  Board  to  make  a  report  on  the  qiiestion  of  sui^plying  power 
cranes  to  their  jetties  and  wharves,  either  oh  the  steam  or  hydraulic 
system,  and  for  the  jjurpose  of  general  comparison  in  the  case  of  such  an 
installation,  he  will  now  give  the  conclusions  arrived  at  and  supplement 
them  by  figures  relating  to  an  electric  jjlant  for  doing  the  same  work. 
\  The  installation  at  the  outset  was  to  have  been  only  a  small  one, 
and  comprised  the  following: 

Hydraulic. — One  pair  of  comi^ound  condensing  engines  and  pressure 
pumps;  accumulator;  two  boilers  ;  six  30-cwt.  cranes,  with  30-ft.  jib 
radius;  two  20-cwt.  luggage  cranes,  with  30-ft.  jib  radius;  six  large  and 
10  small  capstans;  pij^es  and  connections,  engine-house  and  shaft. 

Sleam. — Cranes,  self  contained,  same  as  above  ;  capstans,  same  as 
above;  steam  pipes,  two  capstan  boiler-houses. 

Electric. — Two  pair  of  compound  condensing  engines  and  dynamos; 
two  Lancashire  boilers;  cranes  and  capstans,  same  as  above,  but  fitted 
with  motors;  mains. 
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The  total  cost  of  tlie  various  systems,  including  the  engine-house 
and  shaft,  in  the  case  of  hydraulic  and  electric  works,  came  out  as 
given  below;  but  it  does  not  include  the  laying  of  hydraiilic  mains  or 
the  electric  conductors,  and  it  must  ba  noted  that  the  steam  cranes 
are  assumed  to  be  self  contained  and  not  supplied  from  a  battery  of 
boilers: 

Hydraulic,  with  engine-house £13  561 

Steam 11  120 

Electric,  with  engine-house 11  736 

The  advantages  and  disadvantages  of  the  several  systems  are 
summed  up  as  follows: 

Steam  Advantarfesi — id)  The  first  cost  of  installation  is  less  than  for 
hydraulic  or  electric  plants. 

(Ij)  In  the  case  of  the  cranes  only,  as  they  sujjply  their  own  motive 
l>ower,  they  cannot  be  affected  by  the  failure  of  a  main  or  the  ma- 
chinery at  the  power  station,  as  in  hydraulic  or  electric. 

(c)  The  installation  can  be  added  to  gradually  at  a  less  initial 
cost  than  with  hydraulic  or  electric  jDlants,  where  the  power  station 
should  be  sufficiently  large  for  the  maximum  duty  likely  to  be 
required  from  it. 

Disadvantages. — (1)  It  is  slow  in  action  compared  to  hydraulic  or 
electric  jjower,  working  only  at  about  half  the  speed. 

(2j  Each  crane  generating  its  own  power,  they  are  more  costly  to 
work  than  hydraulic  or  electric  cranes,  where  one  generating  station 
supplies  power  for  the  whole  plant. 

(3j  The  drivers  of  the  cranes  have  to  be  men  of  above  the  average 
intelligence  and  faii-ly  good  mechanics. 

(4)  The  consumption  of  coal  and  fresh  water  is  considerable,  and  if 
the  cranes  and  capstans  were  not  required  to  work,  but  kejit  in  a  state 
of  readiness,  more  coal  and  water  would  be  consumed  than  for  the 
hydraulic  or  electric  plant,  if  they  were  kept  idle  in  a  similar  manner, 
there  being  so  many  more  boilers  to  keep  under  fire,  viz.,  one  to  each 
crane  and  one  stationary  one  to  each  group  of  capstans. 

(5)  The  cranes  are  noisy,  and,  owing  to  great  speed,  have  much  vibra- 
tion, with  consequent  wear  and  tear  entailing  a  high  cost  for  repairs,  and 
danger  of  fire  as  the  boilers  are  liable  to  emit  sparks  with  the  smoke. 

(6)  Generally  they  require  to  be  supplied  with  coal  from  a  store. 
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outailiug  laltor  luul  ciciiliu)^-  dirt  on  tlu'  ([uiiv.  The  niac-liinory  is  more 
eomplicatetl  tbau  hydraulic,  and  partly  exposed  to  the  weather,  in 
addition  to  which  its  wear  and  tear  is  considerahle,  and  there  are 
possible  risks  of  explosion. 

(7)  The  cost  of  working  is  higher  than  hydraulic  or  electric. 

Hydrmtlic — Advantaiies. — [a)  The  power  for  working  thc^  jilaut  being 
generated  at  a  central  station,  the  cost  of  working  is  reduced  to  a  mini- 
mum, there  being  only  one  set  of  boilers  to  fire,  and  practically  no  fresh 
water  is  required  beyond  a  few  gallons  daily. 

[b)  The  machinery  is  quick  in  action,  at  least  twice  the  sjjeed  of 
steam,  and  speed  for  speed  for  lifting,  compared  with  electric,  has  a 
much  less  wear  and  tear,  the  cranes  being  capable  of  working  60  lifts 
per  hour,  or  more  if  desii'ed.  At  the  trial  of  the  large  hydraulic  35- 
cwt.  cranes  made  for  the  Tilbury  Docks,  81  working  lifts  were  made  in 
17  minutes,  in  which  the  goods  were  lifted  out  of  a  boat,  slewed  round 
and  landed  on  the  quay. 

(c)  Only  one  driver  and  stoker  is  necessary;  a  low-er  and  cheaper 
class  of  men  can  work  the  cranes  and  capstan  than  is  the  case  in  steam- 
driven  ones.  It  is,  however,  necessary  to  have  one  skilled  mechanic  to 
generally  look  after  the  work. 

(rf)  If  the  plant  should  be  required  to  stand  idle  for  any  length  of 
time,  only  a  very  small  amount  of  fuel  would  be  consumed. 

(e)  Generally  the  machinery  is  noiseless,  simjjle,  clean,  all  protected 
from  the  weather,  and  has  not  much  wear  and  tear;  the  cranes  can  be 
easily  moved  along  the  quay. 

(/)  Besides  the  hydraulic  poAver  being  used  to  work  the  machinery 
already  referred  to,  it  woitld  be  available  for  elevating  purjjoses  in 
neighboring  warehouses  and  for  the  extinction  of  tires  by  means  of  in- 
jector hydrants. 

{g)  The  cost  of  working  is  less  than  by  steam,  but  about  the  same 
as  by  electricity,  but  the  ujikeep  is  less  than  either. 

Difindvantages. — (1)  The  initial  cost  is  greater  than  for  steam  and 
slightly  more  than  for  electric  cranes. 

(2)  In  the  case  of  a  breakdown  at  the  power-generating  station,  or 
failure  of  the  mains,  all  the  plant  would  be  temporarily  stopped.  Al- 
though the  author  mentions  this,  he  does  not  consider  it  at  all  likely 
to  occur,  nor  does  he  know  of  any  case  where  this  has  taken  place;  it  is 
only  necessary  to  have  all  details  made  amply  strong. 
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Electric — Advantages. — (a)  The  jjower  for  working  the  plant  being 
generated  at  a  central  station,  the  cost  of  generating  is  reduced  to  a 
minimnm,  etc.,  the  same  as  in  hydraulic. 

[b)  Machinery  is  quick  in  action,  though  not  quite  so  quick  as  hy- 
draulic. 

(c)  Only  one  driver  and  stoker  is  necessary,  etc.,  the  same  as  in  a 
hydraulic  plant. 

[d)  If  the  plant  should  be  requii'ed  to  stand  idle,  etc.,  the  cost  is 
the  same  as  for  a  hydraulic  plant. 

(e)  Generally  the  machinery  is  fairly  noiseless;  it  is  cleaner  than 
either  steam  and  hydraulic,  and  can  easily  be  arranged  to  be  self-pro- 
pelling along  the  quays. 

(/)  The  power  can  also  be  used  for  lifting  purjioses  in  neighboring 
warehouses. 

Electric — Disadvantages. — (1)  Speed  for  speed  of  lifting,  there  would 
be  more  wear  and  tear  than  in  the  hydraulic  system. 

(2)  In  case  of  breakdoTSTi  at  the  power-generating  station  or  the 
failure  of  a  main,  all  the  jjlant  would  be  temporarily  stojjped. 

(3)  The  drivers  of  the  cranes  would  have  to  be  men  of  above  the 
average  intelligence. 

(4)  The  upkeep  would  be  slightly  more  than  in  the  case  of  a  hydrau- 
lic i)lant. 

With  regard  to  the  cost  of  working  the  above  systems,  the  author 
estimates  them  as  follows: 

Approximate  Esttmate  Affecting  the  Cost  of  Working. 


20  to  25  cwt. 


ro  to  80  cwt. 


Coal  for  capstans,  presuming  "j 

steam  in  boilers  is  kept  up  1 

all  day  and  capstans  ordiu-  [ 

arily  at  work.  J 

Coal  consumed  per  day  of  10)    35  to  dO  cwt.     The  greater! 

hours  when  working  eight '   |     would    probably    include  / 

cranes  coiitinuoiibly.  )   i     the  use  of  capstans.  ) 

Water  (fresh)   consumed  per  |  | 

day  of  10  hours  when  work-  I  v,  _  .;     ii„     •;  .  cnn n „ 

ing  eight   cranes    continu- f  i^"'^**^'*"^  "'' 4  600  gallons. 

ously.  J   I  I 

Coal    consumed     when     roa-  1  )  \}i  cwt.   per  hour  each  crane, 

chinery   standing   idle  and  V  1  cwt.  per  hour >  ]     and    '2   cwt    per  hour  each 

steam  in  boilers  kept  up.      )  |  )  1    capstan  boiler. 


From  a  general  consideration  of  the  above  statements,  it  ajjpears 
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from  the  unthov's  point  oi  view,  tliiit  for  u  system  such  as  is  usHumed, 
hydraulic  would  bo  the  most  suitable. 

In  eouneetiou  with  hoisting  machinery  and  the  motive  powor  for 
working  it,  steam  engines  have  now  reached  such  a  state  of  perfection 
tliat  little  more  improvement  in  their  designing  and  construction 
ai)pears  ])ossible.  Electric  dynamos  and  motors  can  be  made  to 
reach  i*5'\i  eiiicieney,  so  but  little  remains  to  economize  upon  here. 
The  only  remaining  jjowor  dealt  with  in  this  paper  is  hydraiilic,  and 
in  this  room  does  exist  for  ecouoniizing  the  actuating  water,  and  much 
should  be  possible  in  making  further  and  enhanced  economies.  When 
a  load  is  moved  at  a  constant  level  and  not  against  gravity,  obviously 
no  power  would  be  required  except  for  overcoming  friction.  Again,  if 
it  could  be  possible  to  so  arrange  the  machinery  and  the  work,  that  all 
loads  should  restore  the  water  on  which  they  descend  into  a  reservoir, 
that  is  to  say,  should  force  the  exhaust  water  previously  used  in  the 
hydraulic  cylinders  as  power-w^ater  into  a  reservoir,  where  it  would  be 
subjected  to  yielding  pressure  or  utilized  to  assist  the  steam  engines 
in  pumping,  it  will  be  seen  that  a  great  gain  would  be  i^ossible.  For 
example,  say,  in  the  case  of  a  lift  or  jigger,  if  the  same  load  was  lifted 
as  was  lowered,  no  water  should  be  used  beyond  that  required  for 
overcoming  the  friction  of  the  machines  and  a  method  of  working  ana- 
logous to  a  regenerating  system  woiild  be  established. 

This  suggestion  the  author  ventures  to  throw  out  for  the  considera- 
tion of  engineers  interested  in  this  branch  of  mechanical  science,  and 
because  he  considers  the  present  time  so  opportune  for  the  inaugura- 
iion  of  hydraulic  jDower  supplies  in  the  several  large  cities  in  this 
great  republic,  and  none  more  ripe  and  suitable  than  this  vast  one  in 
T\'hich  representatives  from  all  parts  of  the  world  are  now  congregated. 
When  buildings  exist,  as  they  do  in  Chicago,  of  such  enormous  elevation 
— the  Rookery  and  Auditorium,  as  examples  which  by  their  height 
almost  preclude  the  likelihood  of  their  occupants  and  visitors  walking 
down — much  the  same  weight  could  be  relied  upon  to  be  lowered  as  is 
raised,  and  the  gain  to  be  derived  is  at  once  evident. 

For  the  purpose  of  supplying  motive  power  to  a  city  siich  as  this 
liydraulic^power  is  eminently  suitable,  as  it  could  be  used  for  passenger 
and  goods  lifts,  and  hoists  for  various  pressing  ojjerations,  the  working  of 
charging  and  discharging  cranes  along  the  large  river  frontage,  for  work- 
ing the  swing  bridges,  coal  tips,  railroad-crossing  gates,  grain  elevators, 
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hydraulic  riveting,  raising  and  lowering  of  theater  fireproof  ciirtains, 
and  would  be  available  generally  wherever  mechanical  motive  power  is 
required.  When  extremely  high  jjressures  should  be  necessary,  a 
simple,  well-known  form  of  mechanism  known  as  an  "  intensifler " 
gives  the  ready  means  of  raising  it  to  any  amount.  Lastly,  and  far 
from  least,  is  the  ready  means  the  hydraulic  system  gives  for  the  ex- 
tinction of  fires.  In  the  face  of  all  these  advantages,  the  author  sug- 
gests that  this  power  would  be  the  right  and  fit  one  for  the  particular 
purpose  under  review. 

Ths  London  Power  ComjDany  is  allowed  to  di-aw  500  000  galls, 
daily  from  the  River  Thames  free,  on  condition  of  returning  it 
through  the  sewers,  so  flushing  them.  This  is  an  extremely  import- 
ant point,  and  for  flushing  the  sewers  of  this  or  other  important  cities 
during  long  spells  of  dry  weather  cannot  be  overrated. 

One  great  advantage  in  the  use  of  water  suiJjDlied  from  a  central 
station  is,  that  the  greater  the  demand,  the  better  is  the  pressure  main- 
tained in  the  mains,  and  over  50%  of  the  power  at  the  genei'ating  station 
would  be  efi'ective  in  work  done  on  the  consumer's  i^remises.  The 
aiathor  knows  of  a  case  where  steam-power  has  l^een  disjiensed  with 
(for  pumping  water  for  working  lifts)  and  the  public  hydraulic  power 
substituted,  with  a  saving  of  30"„  in  the  cost  of  working,  and  if  this 
had  been  adopted  at  the  outset  the  economy  would  have  been  greater. 

Some  objections  may  be  raised  that  the  water  would  be  liable  to 
freeze  in  very  cold  weather,  but  if  the  mains  are  laid  well  below  the 
surface  and  covered,  all  buildings  being  heated  in  the  winter,  the 
author  does  not  think  any  trouble  would  arise.  Pressure  raises  the 
temperature  of  the  freezing  point.  Apart  from  this,  if  desired,  salt 
Avater  could  be  used,  and,  as  an  actual  case  in  point,  the  Barcelona 
Power  Supply  is  all  salt  water. 

Steam  is  out  of  the  question  as  the  motive  power  for  such  a  case  as 
is  now  being  referred  to,  and  electricity  does  not  give  facilities  for 
adapting  it  to  the  multifarious  jirocesses  alluded  to,  and,  instead  of 
being  an  aid  in  extinguishing  fires,  would  rather  tend  to  increase  them, 
although  certain  advantages  would  exist  in  being  able  to  work  electric 
tii'e  engines  from  electric  mains  which  never  require  firing  up  and  are 
always  ready. 

For  occasional  users  of  intermittent  motive  power,  water,  although 
at  first  glance  it  might  not  be  considered  suitable,  would'in  j)ractice  be 
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fmuul  to  1)1'  SI),  iiiul  to  bo  \ovy  ofonoinical,  piuticnlarlv  with  motors 
such  as  the  Kigg  engine,  or  even  what  is  known  as  the  Armstrong  type. 
The  space  occupied  by  the  motors  wonhl  be  small,  the  speed  slow,  the 
wear  and  tear  very  small,  and  they  would  recpiire  no  skilled  attendant;: 
besides  being  safe,  no  risks  would  exist  of  shocks,  of  exjjlosions, 
and  consequent  loss  of  life.  Of  course,  electricity  would  serve  ecjiaaliy 
well  as  a  motive  power,  and  the  hydraulic  power  is  not  init  forward 
as  a  more  suitable  one,  but  simply  to  show  that  it  could  be  used  with 
many  advantages  over  electricity,  and  certainly  with  more  ai)plications 
for  its  use.  Probably  if  motive  power  was  the  chief  jjublic  require- 
ment, it  would  pay  to  install  an  electric  service  in  addition  to  the 
hydraulic,  as  there  would  be  room  for  both;  and  if  qualified  experts 
were  called  in  to  advise  thereon,  there  is  no  doubt  but  that  the  right 
power  would  be  apportioned  to  the  I'ight  duty.  For  central  supjjly 
stations,  the  motive  power  should  be  subdivided  into  small  units,  say , 
150  to  200  H.  P. ,  depending  on  the  size  of  the  station  and  the  fluctua- 
tion in  the  demand,  and  the  engines  should  be  of  the  A'ertical  inverted 
triple-expansion  condensing  tyije;  they  give  less  wear  and  tear,  and 
such  as  there  is,  is  more  even.  Although  not  forming  a  part  of  the 
subject  of  this  pajjer,  to  prevent  misunderstanding  the  author  Avould 
l)oint  out  that  the  fire-extingTiishing  facilities  given  by  a  service  of 
hydraulic  power  are  not  obtained  by  a  wasteful  expenditure  of  water, 
for  the  injector  hydrants  referred  to  act  on  the  injector  principle,  viz., 
a  very  small  jet  of  high-jiressure  water  injected  into  the  center  of  a 
large  jet  drawn  from  the  public  service  mains  increases  the  quantity  so 
drawn,  and  intensifies  the  pi-essvu'e  of  the  latter  on  the  delivery  side  of 
the  injector  so  as  to  throw  a  jet  equal  to  that  of  any  fire  engine. 

As  showing  the  cost  of  installing  the  hydraulic  system  in  such  a 
city  as  Chicago,  the  author  now  gives  an  estimate  (based  on  English 
prices)  for  the  plant,  including  buildings  and  15  miles  of  mains. 

Machinery. — Three  sets  of  triple-exijansion  inverted  steam  surface 
condensing  engines,  wdth  pressure  pumps  attached,  each  capable  of 
pumping  150  000  gallons  per  day  of  12  hours,  against  a  pressure  of 
750  lbs.  per  square  inch. 

Four  sets  of  three-throw  pumps  for  raising  the  water  into  the 
settling  and  storage  tanks  ha^■ing,  for  safety,  103*0  more  capacity  than 
the  pressure  pumps. 

Six  accumulators,  three  for  station,  three  distributed;  settling  and 
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storage    tanks;  decanting    j^ipes;  10    filters;    air    vessels;  traveler;  3 
tubular  boilers;  economizer;  8,  6,  5  and  4  in.  pipe  mains  with  valves. 

Erecting  the  above  and  putting  up  engine  buildings,  chimney  shafts 
and  to^mi  accumulator  houses. 

Total   cost £66  000. 

To  double  the  plant  would  add  only  about  60%  of  the  cost. 

The  above  figures  do  not  include  the  cost  of  laying  the  mains,  but 
the  author  states  that  this  in  English  prices  work  out  as  under: 

Eight-inch  j)ipes  per  yard  run,  17s.  6d. ;  6-in.,  15s.;  5-in.,  13s.  9d. ; 
4-in.,  12s.  6d 

The  actual  cost  of  working  the  plant  he  estimates  as  follows: 
Wo7'ks — 

1  engineer  at £3    0  0  per  week. 

2  engine  drivers  at  £2 4     0  0         " 

2  stokers  at  26s 2  12  0 

3  laborers  at  22s 3     60" 

Total 12  18  0 

Say,  52  weeks  at  £13,  per  annum £676  0  0 

Coals — 

For  working  the  engines  24  hours  per  day, 
develoi^ing  an  average  of  125  I.  H.  P. ; 
2.24  lbs.  of  coal  per  I.  H.  P.  per  hour  =  3 

tons,  300  days,  900  tons  at  15s 674  0  0 

JSlores 100  0  0 

£1  450  0  0 
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PEACTICAL    AND    .ESTHETIC    PRINCIPLES    FOR 
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Prepared  for   tlie    Iiiteruatioual    Eiisriueeriug-    Congress  of  the 
Columbian  Exposition,  1893. 


The  laying  out  of  cities  is  accomplished  in  two  ways:  either  in 
the  course  of  additions  to  an  existing  settlement,  by  gradually  extend- 
ing the  present  roads  and  occasionally  establishing  new  roads,  as  the 
number  of  buildings  without  reference  to  one  another  is  increased; 
or,  by  establishing  a  general  jjlan  for  new  cities  or  j^arts  thereof, 
according  to  which  the  intended  construction  is  to  be  realized.  The 
first  way  has  been  called  the  natural,  and  the  last  the  artificial,  method 
of  laying  out  cities.     This  is  a  false  definition,  for  it  does  not  answer 

Note  — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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the  urttuial  i)urin)so  to  li't  tlu'  buildiu^s  string  themselves  togethex', 
regardless  of  plan;  and  it  is  not  au  artificial  acquiescence,  Init  prac- 
tically a  coutirniod  necessity,  that  the  layiufj;  out  or  spreading  out  of 
a  city  should  i)roceed  upon  the  basis  of  a  well-considered,  comprehen- 
sive plan.  It  is  more  correct,  therefore,  to  call  the  first  method  of 
city  building  the  arbitrary,  and  the  last  the  systematic.  We  have  here 
to  do  only  with  the  systematic  or  regulated  laying  out  of  cities. 

The  essential  basis  of  regulated  city-building  is  the  establishment 
of  future  streets  and  places,  and,  consequently,  of  the  plans  for  them. 
Here  we  regard  not  so  much  the  technical  improvement  of  the 
streets,  or  street-building  proper,  but  rather  a  very  skillful,  consistent 
connection  and  complete  network  of  streets,  requisite  for  the  traffic 
and  growth  of  the  city,  the  residence  and  joint  life  of  the  citizens. 
We  are  constrained,  therefore,  to  develop  the  mere  street  plan  into 
a,  building  plan,  or,  further,  into  a  city  plan,  i.  e.,  a  design  in  which, 
out  of  the  network  of  streets  and  building  areas,  are  arranged  all  those 
constructive  regulations  as  well,  which  are  demanded  for  the  life  of 
the  city. 

The  practical  principles  of  such  a  plan  of  city  construction  relate 
to  traffic,  to  building  and  to  health.  Moreover,  testhetic  jjrinciples  are 
to  be  followed  which  concern  the  construction  of  streets  and  iJublic 
squares  and  their  relation  to  edifices. 

I.  Pkactical  Principles. 

a.  Trnjffic. — The  streets  and  squares  of  a  city  have  first  of  all  to 
fulfill  the  demand  that  they  accommodate  the  city  traffic  in  the  most 
perfect  manner  possible,  for  to  serve  the  traffic  is  their  most  impor- 
tant duty. 

The  designer  of  a  city  plan  has  therefore  to  ascertain  and  establish, 
first  of  all,  the  real  lines  of  traffic  of  the  present  time  and  of  the  future, 
so  far  as  they  can  be  foreseen.  The  first  of  these  traffic  lines  are  every- 
"where  those  which  lead  from  the  middle  point  of  the  city  to  the 
outskirts  and  the  reverse.  Their  direction  will  be  influenced  by 
neighboring  districts,  railway  stations,  harbors,  places  of  amusement 
and  other  attractive  points  of  the  vicinity.  This  gives  rise  to  a  net 
of  radial  lines  or  rays,  as  a  glance  at  the  map  of  an  old  city  instantly 
teaches.  The  radial  streets  are  on  this  account  the  first  and  most 
important  in  the  design  of  a  city  plan  to  establish  the  members  of  the 
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network  of  city  streets.  They  divide  the  city  and  suburbs  into  a  series 
of  sectors.  As  the  size  of  these  sectors  increases  toward  the  exterior, 
there  arises  the  necessity  of  subdivision  by  means  of  radial  lines  of  a 
second  order,  to  the  end  that  all  the  improved  tracts  may  be  conven- 
iently reached  from  the  midst  of  the  city. 

The  second  sort  of  traffic  lines  are  such  as  serve  the  purpose  of 
connecting  the  several  sectors.  They  have  in  general  a  course  like  con- 
centric circles  around  the  central  jDoint  of  the  city.  These  are  the 
"  ring  streets,"  which  are  readily  distinguished  as  of  the  first,  second, 
or  third  order,  etc.,  according  to  their  signification  on  the  city  plan. 
In  extended  ground  plans  of  a  city  the  radial  and  ring  streets  often 
take  on  the  form  of  longitudinal  and  cross  streets. 

Eadial  streets  and  ring  streets  always  meet  approximately  i^er- 
pendicularly.  They  divide  the  improved  districts  into  lots  of  trape- 
zoidal or  approximately  rectangular  form.  For  obtaining  proper 
building  blocks  a  further  division  of  these  lots  is  necessary.  These 
blocks  are  formed  by  using  by  streets  which  run  aj^proximately 
radial  in  one  direction  and  circular  in  the  other,  so  that  the  city  plan 
will  finally  consist  of  a  multitude  of  building  blocks  which  altogether 
are  more  or  less  rectangular.  Thus  the  traffic  lines  between  two  points 
which  do  not  lie  on  the  same  street  always  consist  of  two  legs  at  right 
angles  to  each  other.  From  one  extremity  of  the  hyjiothenuse  of  a 
right-angled  triangle  to  the  other,  one  cannot  go  directly,  but  must 
always  travel  along  the  other  two  sides. 

This  does  not  correspond  to  the  demands  of  traffic.  The  insertion 
of  the  hypothenuse  is  necessary,  or,  what  is  the  same  thing,  the  larger 
trajjezoid  or  rectangular  divisions  must  be  travei-sed  by  diagonal 
streets  before  the  subdivision  by  an  approximately  rectangular  scheme 
of  by  streets  is  undertaken.  The  diagonal  streets  are  to  lie  so  that 
they  will  practically  connect  the  chief  focal  points  of  the  traffic  directly 
with  each  other.  These  focal  jjoiuts  are  either  given  localities,  such 
as  railway  stations,  bridge  terminals,  landings,  markets  and  the  like, 
or  they  will  be  formed  artificially  by  the  junction  of  several  streets. 
In  the  last  instance  occur  the  so-called  "  traffic  places  "  as  to  which 
it  is  the  problem  to  interpose  an  avenue  from  the  one  center  of  travel 
to  the  other. 

The  system  of  streets  must  be  qualified  to  serve,  not  merely  the 
ordinary  foot,  saddle  and  wagon  travel,  but  in  the  design  of  the  net- 
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work  I'rtre  slioukl  bo  tiikcu  that  crowds  may  form  in  laij^c  uiimbers 
whii'h  stroot  railways  wit li  animal  or  mi'c-hauical  power  may  be  cable 
to  take  11]). 

The  four  kiuds  of  streets,  the  radial,  riug,  diajfoual  and  b}-  streets, 
unless  special  reasous  oi)i)oso,  are  so  designed  that  existing  roads  and 
real-estate  boundaries  are  followed  if  possible.  This  is  only  necessary 
for  the  existing  highways  comprehended  in  the  built-up  neighbor- 
hood; for  other  roads  and  property  lines,  the  re(|uiremeut  is  not 
essential. 

The  grades  of  the  streets  are  to  be  made  as  convenient  as  possible 
for  the  traffic:  the  maximum  to  be  according  to  local  circumstances 
from  1  to  10%;  the  minimum,  for  the  sake  of  drainage,  0.5  to  0.2 
per  cent.  It  is  desirable  that  the  streets  should  lie  slightly  above 
the  general  surface  (^say,  1  m.).  Heights  of  3  m.  are  ill-advised.  Greater 
embankments  and  excavations  are  undesirable,  because  they  increase 
the  cost  of  improvements  considerably,  and  require  as  a  rule  the  grad- 
ing of  all  adjoining  property. 

The  width  of  streets  should  correspond  to  the  expected  traffic.  It 
should  be  at  least  10  m. ;  more  than  40  m.  is  required  only  in  the  rarest 
instances.  As  to  wider  streets  the  claims  of  health  and  beauty  give 
the  proportions. 

Transversely,  the  street  is  to  be  divided  into  at  least  one  roadway 
and  two  raised  sidewalks.  A  certain  amount  and  kind  of  travel  re- 
quires a  special  walk  or  promenade  in  the  center  of  the  street,  a  special 
bridle  path  or  the  division  of  the  roadway  for  teams  and  equipages, 
giving  rise  to  various  cross-sections,  and  so  much  the  more,  when,  for 
reasons  of  health  and  beauty,  the  streets  are  set  out  with  rows  of  trees 
and  flower  beds. 

Thus  far  Ave  have  considered  only  the  traffic  moving  along  city 
streets;  but  not  less  has  the  designer  of  city  plans  to  regard  those 
kinds  of  traffic  which  follow  independent  ways  by,  under,  or  over  the 
city  streets,  viz. :  Railroads  (local  and  through),  canals,  wharves, 
docks,  etc.  Care  should  be  taken  to  provide  suitable  space  on  the 
plan  for  the  management  of  this  sort  of  traffic  adjoining  the  proper 
depots,  harbors,  landings  and  freight  yards.  To  follow-  closely  here 
the  requisites  of  such  a  traffic-plan  would  exceed  the  bounds  of  the 
present  problem,  and  would  lead  into  technical  domains  which  do  not 
belong  to  city-building  proper.     Yet  often  it  is  a  necessity  to  establish 
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the  arrangements  for  the  gi'eat  traffic  before  the  city  map  can  be  gen- 
erally projected  in  detail. 

h.  The  Buildings. — The  meshes  of  the  network  of  streets  are  as  a 
rule  termed  the  blocks.  Their  shape  is  rectangular,  trapezoidal  or 
triangTilar.  The  last  form  occurs  esi^ecially  along  the  diagonal  streets. 
Various  other  shapes  of  blocks  are  occasionally  found.  The  notion 
that  acute-angled  blocks  are  to  be  generally  avoided  on  account  of  the 
difficulty  of  building  on  them,  is  incorrect;  for,  in  the  first  place,  con- 
formity to  the  plan  of  traffic  lines  brings  out  shari^-angled  blocks  un- 
conditionally, and,  furthermore,  the  inconvenience  in  building  is  easily 
overcome,  and  indeed  is  availed  of  to  bring  about  commercial  and 
artistic  advantages. 

The  sharp  coi'ners  of  the  blocks  are  to  be  taken  off.  The  amount  to 
be  cut  oflf  increases  as  the  angle  grows  less,  and  should  be  large  enough 
to  provide  for  a  fagade  on  the  corner.  Instead  of  cutting  away  the 
corner  it  may  be  preferred  to  round  it  off;  also,  right-angled  corners 
where  a  very  large  traffic  occurs  need  to  be  cut  off  or  rounded  off. 
Generally,  however,  to  accomplish  this  is  neither  necessary  nor  hand- 
some. The  cutting  off  of  the  obtuse  angle  of  a  block  is  only  to  be  re- 
commended in  exceptional  cases. 

Within  the  blocks  the  boundary  lines  of  the  building  lots  should  be 
drawn  at  right  angles  to  the  range  lines  of  the  streets  bounding  the 
same,  so  that  in  triangular,  trajoezoidal  or  irregular  blocks  buildings 
with  oblique  angles  may  occur  only  at  street  corners.  Thus,  oblique- 
angled  property  offers  no  difficulty  in  ojiposition  to  judicious  and 
artistic  building. 

In  case  the  lot  lines  are  not  perpendicular  to  the  street,  then,  before 
building  is  allowed,  the  lines  are  to  be  so  shifted  by  mutual  exchange 
of  equivalent  areas  that  right-angled  j^lots  will  everywhere  obtain. 
If  the  change  of  lines  cannot  be  obtained  by  the  voluntary  agreement 
of  all  owners,  it  becomes  necessary  to  enforce  the  change  by  legal 
means,  notwithstanding  the  opposition  of  individuals. 

In  right-angled  blocks  the  depth  is  equal  to  the  entire  depth  of  two 
building  lots  abutting  one  another  in  the  rear.  Therefore  the  depth 
of  lots,  usual  to  the  jjlace  or  necessary  tor  the  future,  fixes  the  depth 
of  the  blocks.  Whatever  the  normal  depth  of  a  lot,  the  depth  of  the 
block  is  twice  as  great.  In  triangular  or  other  blocks  with  diverging 
sides,  the  proportional  dejsth  is  fixed  by  analogy  with  the  foregoing. 


I 


STFBBEN  ON  I'KINCIPLES  FOK  LAYING  OUT  CITIES.         723 

The  lou};;tli  of  the  l)h>eks  niiiy  iimoiiut  to  iibont  IJ  to  'ij  times  their 
ileptb. 

Faetories  and  other  iudiistrial  improvements  require  large  blocks, 
say,  100  m.  Lleei>  by  200  m.  loup:,  and  should  l)e  so  situated  that  the 
street  and  track  connections  with  freight  depots  and  harbors  are  easily 
obtained. 

For  pi'ivate  residences  with  gardens,  medium-sized  blocks  are  well 
adapted,  say,  80  m.  by  160  m.  Property  for  rental  and  business  houses 
which  would  be  used  as  much  as  possible  without  gardens,  may  be 
judiciously  divided  into  rather  smaller  blocks,  say  60  m.  by  120  m. 
Workmen's  dwellings,  finally,  require  smaller  lots  and,  therefore, 
smaller  blocks,  say,  35  m.  deep.  The  length  can  be  increased  to,  say, 
140  m.  without  disadvantage. 

In  dimensioning  building  blocks,  however,  there  are  to  be  con- 
sidered the  requirements,  not  merely  of  the  individual,  but  in  a  greater 
degree  of  the  public,  that  is,  of  the  State,  the  parish  and  the  corpora- 
tion. Care  is  to  be  taken  that  blocks  and  parts  of  blocks  be  provided, 
suitable  in  position,  shape  and  size  for  the  erection  of  churches,  high 
schools  and  common  schools,  for  government  buildings  and  court- 
houses, theaters,  museums,  concert  and  amusement  halls,  exchanges 
and  banks,  post  and  telegraph  offices,  markets  and  slaughter  houses. 
If  it  is  not  possible  for  the  city  of  the  future  to  determine  the  size  and 
place,  collectively,  of  all  the  public  improvements  above  mentioned, 
still  the  plan  of  the  city  should  anticipate  a  sufficient  number  of  build- 
ing lots  and  blocks  in  convenient  situations,  which  are  proper  to  be 
used  for  public  buildings  as  soon  as  the  necessity  arises.  It  is  a  mis- 
take to  refer  the  undertaking  of  such  monumental  and  specific  build- 
ings haphazard  to  the  later  search  anywhere  for  a  half-way  suitable 
place  on  a  once-adopted  building  plan. 

Many  edifices,  such  as  churches,  theaters,  museums,  etc.,  require 
an  open  space,  if  not  all  around,  at  least  on  three  sides.  Many  public 
buildings  need  a  plaza  even  for  traffic,  while  it  is  desirable  to  give 
others  an  axial  position  relative  to  the  direction  of  a  street,  so  that 
they  may  be  readily  found.  All  siich  claims  are  easily  satisfied  when 
laying  out  a  plan  of  streets,  but  later  only  with  difficulty  and  im- 
perfectly. 

c.  Health. — Under  the  supposition  that  the  climatic  conditions  of  a 
country  generally  decide  the  settlement  of  a  great  mass  of  people  in 
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one  place,  the  first  condition,  in  the  interest  of  health,  for  the  building 
or  enlargement  of  a  city  is  freedom  from  overflow  and,  therefore,  a  site 
above  high  water-mark,  or  a  j^rotection  against  flood.  If  the  site  is  not 
free  from  overflow,  protection  must  be  brought  about  by  artificial 
means,  particularly  by  lowering  the  water  surface,  by  raising  the  land 
surface,  or  by  dikes  with  or  -n-ithout  pumps. 

A  second  condition  is  the  dryness  and  cleanliness  of  the  subsoil. 
It  is  important  that  the  ground-water  surface  be  not  found  in,  nor 
occasionally  rise  into,  those  layers  of  sand  which  will  be  essentially 
changed  or  rendered  impure  in  their  condition  under  human  settle- 
ment, and  that,  finally,  the  surface  of  the  ground  possess  a  form 
which  renders  an  easy  discharge  of  water  possible.  If  the  ground- 
water rises  too  high,  it  is  prejudicial  to  health  by  inducing  fermenta- 
tion in  the  organic  portions  of  the  sandy  stratum,  prevents  the  use  of 
cellar  rooms,  renders  difficult  the  drainage  of  the  surface  and  jjermits, 
through  the  absorption  of  waste  material,  the  pollution,  which  is 
calculated  to  occasion  danger  to  health,  in  water  used  for  drinking 
and  other  puriioses.  In  such  cases  before  the  soil  upon  a  city  j^lot  is 
fit  for  use,  the  ground-water  surface  must  be  reduced,  and  its  further 
rise  prevented  by  a  systematic  subterranean  canalization. 

If  the  surface  of  the  city  ground  generally  shows  a  continual 
descent,  the  subterranean  canalization  can  be,  evidently,  dispensed 
with  for  carrying  off"  storm  water.  Here,  however,  as  the  city  expands, 
the  street  gutters  which  have  to  carry  off  the  rain  water,  require  ever 
a  larger  cross-section ;  so,  especially,  the  crossings  of  the  streets  with 
such  gutters  is  very  disturbing  to  the  traffic,  and  so,  for  the  draining 
of  the  sui'face,  a  network  of  subterranean  channels  soon  proves  to  be 
necessary.  Still,  a  gradual  slope  of  the  surface  is  imjjortant,  because, 
in  troughs  and  depressions  of  the  ground  without  natural  outlet, 
heavy  rain  storms  may  produce  troublesome  overflows  notwithstand- 
ing the  sewer  system. 

But,  finally,  the  subterranean  system  of  sewers  is  needful  to  carry 
off  the  domestic  and  industrial  drainage  and  human  waste  material. 
As  a  rule,  the  combined  system  of  sewers  has  shown  itself  the  best  for 
all  three  purposes  described  ;  under  certain  circumstances,  however, 
the  arrangement  of  two  or  more  separate  sewer  systems  for  ground- 
water, for  rain,  for  house  and  industrial  drainage,  for  fjecal  deposits, 
may  be  judicious. 
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The  jj:i'n(M!il  provision  of  jiood  wiitov  for  driukiug,  cookiu}^  iiiul 
other  xisos  is  iiulisj)eusul>h'.  as  tlie  subsoil  of  hirger  cities,  even  ^vith 
the  best  euileuvors  to  keep  it  pure,  is  undoubtedly  incapable  of  fur- 
nishing drinking  water.  The  combined  ijrovisiou  of  wholesome, 
faultless  -water  is  to  be  preferred  to  the  separate  provision  of  drinking 
-water  and  water  for  other  i)urposes. 

The  fourth  requisite  for  health  is  light  ;  not  merely  the  diffused 
light  of  the  atmosphere,  but  also  the  direct  light  of  the  sunbeam.  For 
the  distribution  of  light,  the  direction  and  width  of  tlie  streets  is 
limited  by  the  height  and  kind  of  buildings.  The  north  and  soiith  direc- 
tion of  streets  is  itself  advantageous,  because  it  brings  the  unimpeded 
sunbeams  to  front  or  rear  of  lioth  rows  of  hoiises.  But  it  has  the  dis- 
advantage that  upon  the  streets  at  right  angles — that  is,  east  and 
west — the  front  of  one  row  of  buildings  and  the  rear  of  the  other 
are  entirely  deprived  of  the  tlirect  rays  of  the  sun.  The  practical 
view  shows,  however,  in  accordance  viith  the  scientific  theory,  that  in 
a  system  of  right-angled  or  appro:simately  right-angled  streets,  not  the 
directions  of  north,  south,  east  and  west,  but  those  intermediate 
directions  of  southwest,  northeast  and  northwest,  southeast  are  most 
favorable  to  direct  sunlight.  Diagonal  streets  in  such  a  street  system 
have  a  very  favorable  position  from  north  to  south,  but  diagonal  streets 
from  east  to  west  have  a  correspondingly  unfavorable  position. 

In  reality,  however,  the  considerations  of  traffic  and  buildings 
allow  the  designer  of  a  city  plan  so  little  liberty  that  the  orientation 
of  the  streets  with  regard  to  the  sun  is  but  seldom  of  decided  signifi- 
cance in  the  regulation  of  a  network  of  streets.  Furthermore,  it  is 
feasible  in  the  arrangement  of  the  biiildings  to  have  i-egard  to  the  sun- 
shine. The  restriction  as  to  height  of  buildings  and  number  of 
stories,  the  sufficient  regulation  of  larger  building  spaces,  the  arrange- 
ment of  ground  plans  of  Iniildings,  and  i^articularly  of  the  sort  of 
additions  and  wings  so  that  no  living-rooms,  or  as  few  as  i:)ossible,  may 
ojien  their  windows  only  on  the  north  side  ;  these  are  not  in  point  to 
be  further  followed  here;  but  if  they  will  be  duly  considered  in  the 
requirements  of  the  building  police  ordinances  and  in  private  building- 
activity,  it  will  be  possible  to  shape  dwellings  satisfactorily  in  relation 
to  sunshine,  although  the  streets  may  not  possess  the  most  advant- 
ageous orientation. 

Rooms  without  direct  sunlight  are,  however,  not  to  be  altogether 
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avoided  in  general ;  they  are  even  a  necessity  for  certain  industrial  and 
artistic  employments.  For  such  rooms  an  abundant  provision  for 
diffused  light  of  the  atmosjihere  is  so  much  the  more  important.  This 
leads  to  the  demand  so  to  arrange  the  buildings  that,  at  all  events,  in 
dwellings  and  other  abodes,  the  rooms  serving  human  needs  may  at 
least  get  a  sight  of  a  patch  of  sky  under  an  angle  of  45-.  Thus,  it  may 
be  guaranteed  that  the  diffused  rays  of  sunlight  spread  in  the  atmos-- 
phere  -will  generally  enter  residences  and  living-rooms  without  being 
weakened  and  altered  by  reflection  on  the  front  of  buildings  or  court- 
yard enclosures.  But  still  this  demand  of  not  giving  up  the  direct 
sunlight,  which  always  j^resupposes  that  both  in  streets  and  in  courts 
the  height  of  buildings  shall  not  practically  exceed  the  distance 
between  them,  has  thus  far  not  been  able  to  be  realized  in  any  city,, 
through  either  the  building  directions  of  police  or  voluntary  attention.. 
In  reference  to  this  the  effort  has  everywhere  been,  out  of  regard  to- 
cost,  to  enhance  the  usefulness  of  the  building  ground,  in  preference 
to  studying  hygiene.  It  is  our  duty,  in  the  design  of  city  building 
plans  and  building  designs  ever  to  bring  into  higher  value  the' 
demands  of  public  health  with  respect  to  supply  of  daylight. 

For  supplying  the  streets  and  buildings  with  artificial  light  by 
night,  the  illuminating  gas,  by  reason  of  its  consumption  of  oxygen 
and  production  of  heat  and  of  gases  detrimental  to  health,  does  not 
wholly  fulfill  the  hygienic  requirement.  The  electric  light,  on  this 
account,  is  to  be  preferred. 

As  a  fifth  hygienic  requisite  of  city  construction  we  have  to  denote 
care  for  the  adequate  amount  of  fresh  air.  And,  indeed,  there  is 
needed  a  plentiful  supply  of  air  on  the  streets,  in  the  blocks  and 
within  the  buildings  themselves.  The  aforesaid  condition,  that  for  the 
sake  of  light  the  height  of  buildings  ought  not  practically  to  exceed 
the  space  between  buildings,  brings  about  on  the  streets  and  in  the 
courts  a  sufficient  airing.  The  streets  and  open  courts,  according  to 
this,  ought  not  to  be  less,  or  not  materially  less,  than  the  houses  are 
high  ;  indeed,  according  to  the  customary  height  of  houses,  a  breadth 
of  free  space  of  at  least  10,  15  or  20  m.  is  necessary.  For  streets  in 
the  newer  portions  of  a  city  this  demand  is  easily  realized  ;  as  for  the 
courts,  it  is  unfortunately  frustrated  in  most  cases  by  the  value  of  the 
ground.  But  besides  these  most  restricted  dimensions  of  the  air 
channels  of  a  city,  there  are   gi-eater  stores  of  air  necessary,  by  the 
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help  of  -wlufh  tlu'  i-haii^t'  of  iiir  iu  tho  narrow  clmunols  t-au  ho  c-ou- 
siimmated.  Open  squares  serve  this  end,  whii-li  interrupt  the  system 
of  streets  even  at  such  i>hxcos  as  tlio  traffic  alouo  does  not  call  for  ;  fur- 
tliermore,  blocks  with  interiors  free  from  l)uildiuii;s,  to  contain  gardens;, 
and  tinally,  districts  of  the  city  in  whit-h  l>uildini;s  will  he  allowed 
only  with  open  spaces  around  them  (country  house  districts)  serve  the 
same  end.  Such  reservoirs  of  air  can  be  formed  by  voluntary  consent 
of  property-owners  ;  in  default  of  which,  they  are  to  be  provided  com- 
pulsorily,  by  the  otticial  establishment  of  city-building  plans,  so  that 
free  plazas  be  kept  open  in  the  street  system;  that  by  retrograde  build- 
ing lines  the  interior  of  certain  large  blocks  be  kept  free  of  buildings;, 
and  finally,  that  in  designated  parts  of  the  city  continuous  rows  of 
houses  be  interdicted. 

In  a  particiilarly  effective  manner  will  the  improvement  of  the  air 
in  the  city  be  promoted  by  providing,  on  the  established  city  plan,  for 
a  liberal  setting  out  of  trees.  These  serve,  at  the  same  time,  a  fifth 
hygienic  interest,  which  consists  in.  this — that  the  movement  of  the 
populace  on  pleasant  shady  paths  will  be  made  possible  and  easy. 
For  setting  out  trees  the  streets  and  plazas  are  siiitable,  besides  which 
care  must  be  taken  to  provide  for  public  gardens  and  parks  and  for 
promenades  beyond  them. 

Streets  with  shade  trees  require  a  greater  width  than  is  necessary 
for  traffic,  or  simply  to  proWde  light  and  air.  The  least  width  of  a. 
street  planted  with  a  row  of  trees  on  each  sidewalk  is  about  20  m. ;  a 
width  of  25  or  30  m.  would  be  better.  For  planting  a  row  of  trees  on. 
a  separate  walk  in  the  middle  of  the  street  a  width  of  at  least  25  m.  is 
required  ;  widths  of  30  to  35  m.  are  better.  Four  or  more  rows  of  trees, 
require  still  wider  streets,  so  that  the  rows  may  be  at  least  6  m.  apart. 
Instead  of  increasing  the  rows  of  trees  it  is  often  desirable  to  intro- 
duce front  yards  between  the  streets  and  buildings,  or  to  lay  out  strijis 
of  garden  jjlots  with  grass  and  ornamental  shrubs  within  the  street 
lines.  It  is  self-e\ddent  that  this  sort  of  improvement  is  fit  only  for 
such  parts  of  streets  as  can  be  dispensed  with  for  traffic. 

Just  so  the  planting  of  open  squares  on  the  spaces  which  are  reqiiired 
for  traffic  must  not  be  demanded.  Besides  rows  of  trees  and  strips  of 
grass  there  may  be  established  whole  gardens  or  small  parks  which 
either  are  open  and  to  be  crossed  by  all  sorts  of  foot-travel,  or  are  in- 
closed and  serve  only  for  quiet  retreat.     The  latter  enclosed  spaces 
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are  esi^eciallT  of  gi-eat  value  to  health.  Thev  come  to  be  so  by  lessen- 
ing street  dust,  hx  giving  shade  and  by  cleaning  the  atmosphere,  and 
furthermore  by  this,  that  every  such  improvement  affords  ojjportunity 
for  refreshment  and  recreation. 

In  addition  to  these,  however,  x^ublic  parks  of  gi'eater  expanse  are 
a  hygienic  necessity,  wherein  the  i^eople  may  take  exercise  in  the 
open  air.  These  are  artificial  landscapes  of  from  5  to  100  or  more 
hectares  in  extent,  which,  under  the  titles  of  city  gardens,  people's 
gardens,  burger  parks,  and  the  like,  serve  at  the  same  time  for 
bodily  exercise  (school  play,  football,  croquet,  lawn-tennis,  skating, 
etc.),  for  the  ijeoi^le's  amusement  and  recreation. 

*  The  precise  area  which  should  be  required  in  a  city  for  tree  planting 
is  not  easily  si^ecified.  The  local  circumstances  and  means  are  in  this 
respect  extremely  various.  As  a  minimum  it  may  be  demanded  that 
at  least  one-tenth  of  the  city  surface  will  be  planted,  and  that  at  least 
3  sq.  m.  of  planted  gi'ound  will  fall  to  every  inhabitant.  The  im- 
provements outside  the  city  limits  are  not  included  in  this  estimate. 

The  outside  improvements,  which  ought  to  give  the  city  population 
opportunity  and  inducement  to  further  promenade  or  outing,  are 
either  connected  pleasure  grounds  (e.  g. ,  a  natural  or  artificial  grove) 
or  streets  and  roads  which  will  be  beautified  by  rows  of  trees  or  land- 
scape gardening  wherever  it  is  possible  to  lead  to  jilaces  of  refresh- 
ment, or  to  afford  a  pretty  outlook.  The  designer  of  a  city  building- 
plan  has  to  proA^ide  for  such  hygienic  arrangements  in  the  suburbs 
with  the  greatest  care. 

A  sixth  essential  of  a  city  building-iilan  is,  lastly,  the  judicious 
local  disposition  of  such  jjublic  or  jjrivate  arrangements  as  injure 
their  neighborhood  with  regard  to  the  health  or  i^leasure  of  the 
inhabitants.  For  slaughter-houses  and  cattle-yards,  for  hospitals  for 
the  treatment  of  contagious  diseases,  and  for  churchyards,  jjroper 
situations  are  to  be  provided.  The  carrying  on  of  trades  which 
through  evaporations  or  noise  bring  danger  or  become  burdensome 
is  to  be  confined  to  api^ointed  j^arts  of  the  city. 

II.    iEsTHETIC   PbINCIPLES. 

The  building  plan  of  a  city  in  the  wider  sense,  or  the  street  plan  in 
the  narrower  sense,  ought  not  merely  to  satisfy  the  jjractical  require- 
ments of  the  trafiic,  of  the  biiilding  and  of  health  ;  it  ought  also  to  be 
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laid  out  ou  ii'stlutii-  iniiu-iplcs,  /.  ,'.,  iu  such  uiso  that  it  iiiav  fj^ivo  au 
impression  of  beauty  in  all  its  parts,  or,  what  is  the  sanio  tiling,  may 
awake  iu  the  behohlor  a  disiuterostod  satisfaction.  As  the  fostering  of 
beauty  iu  all  arts  is  the  most  eminent  problem,  so  the  beauty  of  the 
outward  appearance  iu  the  art  of  building  cities  is  of  su2)erlative  im- 
portance. The  art  of  eity-buildiug,  Avhich  the  city  jjopulatiou  every- 
where comes  in  contact  with,  is  more  than  any  other  branch  of  ai-t 
practice  an  art  for  the  pet)i)le.  If,  with  the  cultivation  of  beauty,  the 
associated  influence  of  heart  and  soul  be  aimed  at,  we  may  anticipate 
from  the  lesthetic  perfection  of  the  building  plan  of  a  city,  a  rich  and 
lilessed  influence  upon  the  stratum  of  city  population  inclined  to 
rudeness.  At  the  same  time,  however,  as  well  for  the  cultivated  as  for 
susceptible  minds  in  general,  it  is  a  spring  of  pleasures  and  enjoy- 
ments. The  considerations  of  the  beautiful  relate  to  the  perfecting  of 
the  streets  and  squares  in  themselves,  and  to  their  relation  to  the 
buildings. 

</.  T/ie  Perfecting  of  the  Streets  and  Squares. — The  streets  should  not 
be  too  long.  Too  great  length  of  street  wearies  the  eye,  wearies  the 
spirit  aud  awakens  a  feeling  of  discomfort.  The  danger  of  this  un- 
pleasant sensation  begins  as  soon  as  the  length  of  the  straight  streets 
exceeds  20  or  30  times  their  width.  Should,  however,  a  change  of 
direction  be  undesirable  for  j^ractical  reasons,  there  remains  the 
remedy  against  the  tiresome  effect  of  subjecting  the  street  to  varia- 
tions in  its  width  and  cross-section. 

For  the  regulation  of  streets,  straight  lines  ought  not  to  be  exclu- 
sively employed.  Gentle  curves  which  conform  to  superficial  outlines 
or  to  natural  boundaries  may  produce  fine  effects  in  the  form  of  the 
streets.  It  is  not  necessary  that  the  two  sides  of  a  thoroughfare 
should  be  always  exactly  i:)arallel;  a  pleasant  effect  may  follow,  from 
the  irregular  widths  of  streets,  at  the  opening  of  squai-es,  a  junction 
with  older  parts  of  the  city,  or  natural  obstacles  of  gTouud.  The 
bow-shaped  avenue  is  preferable  to  the  polygonal  form,  or  strictly,  a 
bow-like  polygon  of  which  single  parts  answer  to  the  widths  of  the 
houses. 

A  street  ought  not  to  be  conducted  in  straight  lines  over  a^  sum- 
mit ;  that  is,  convex  changes  of  grade  are  to  be  avoided.  The  rea- 
son of  the  unbeautiful  appearance  of  this  sort  of  convex  streets  lies 
iu  the  ai)pareut  sinking  of  the  buildings,  wagons  and  people  beyond 
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the  ridge  of  the  street.  Passing  over  a  high  point  has  to  be  accom- 
plished by  a  bending  of  the  street  in  plan  and  profile,  the  course  of 
■which  the  eye  cannot  follow  beyond  the  ridge,  or  by  means  of  break- 
ing ofiP  the  street  at  the  summit.  The  interruption  may  be  a  vertical 
or  a  horizontal  one  ;  a  vertical  in  the  form  of  a  monument,  a  jslantation, 
a  fountain,  or  the  like  which  the  eye  cannot  see  beyond  ;  a  horizontal 
in  the  form  of  a  crossing  or  disjjersing  place  beyond  which  the  direc- 
tion of  the  street  changes. 

If  the  convex  street  is  unhandsome,  the  concave  profile  creates  on 
the  contrary  a  special  advantage.  It  afi'ords  to  the  street  surface  by 
day  and  by  night  a  pleasing  spectacle  and  may  produce  with  artificial 
lights  magnificent  results. 

The  street  surface  ought  not  to  be  too  wide,  because  the  void  does 
not  satisfy  the  eye  nor  the  mind.  If  the  street  surface  cannot  or 
should  not  be  beautified  with  rows  of  trees  and  garden  plots,  a  width 
is  to  be  jsreferred  restricted  to  traflic  and  health. 

All  portions  of  the  street  surface  unnecessary  to  traflic  are  to  be  set 
out  with  ornamental  plants  or  artificial  ornaments.  Eows  of  trees  and 
garden  spaces  have  been  already  mentioned.  Artificial  ornaments  con- 
sist not  merely  in  monuments,  graceful  statues,  water-jets,  flowing 
fountains,  gate  structures,  arcades,  and  other  works  of  architecture 
and  sculptural  art,  but  also  in  the  tasteful  and  well-modeled  improve- 
ments of  requisite  utility  upon  the  streets,  such  as  trading  stalls, 
waiting  rooms  for  street  railways,  places  of  convenience,  columns 
for  posters,  fire-announcers,  drinking  stands,  lamjj-posts,  candelabra, 
lanterns,  street-signs,  warning-boards,  boxes  for  sweepings,  enclosures, 
and  tree-boxes.  To  the  artistic  sense  and  artistic  gift  of  form,  pleasure 
is  given  by  all  these,  for  the  most  part  subordinate,  objects,  and  thus 
they  come  to  contribute  to  the  pleasing  and  agreeable  appearance  of 
tlie  street  scene. 

Finally,  it  is  imjiortaut  in  the  improvement  of  the  streets  to  i>vo- 
vide  for  frequent  change.  This  change  should  relate  to  street  widths, 
the  widths  and  arrangement  of  driveways  and  walks,  the  number  and 
position  of  r-ows  of  trees,  the  ai'tistic  ornament,  the  garden  surfaces  in 
"the  streets  and  front  yards,  the  kind  of  house-buildings  (closed  or 
open,  high  or  low  buildings).  Every  street,  or  at  least  every  prom- 
inent street,  should  he  handled  and  imj^roved  for  itself  individually, 
so  that  it  may  aflbrd  a  characteristic  ajjpearance.     The  wearisome  and 
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mihaudsomo  unifonnity  under  wliifli   ro  umuy  modern  streets  aufiter 
may  be  in  this  manner  effectively  avoided. 

All  the  foregoing  remarks  npon  jjerfecting  the  streets  apply  in 
greater  measure  to  the  public  squares.  They  should  not  bo  too  large, 
nor  built  exchisively  on  straight  lines,  nor  have  any  summits  ;  they 
should  utilize  the  ad-vantage  of  concave  surfaces;  they  should  be 
adorned  with  trees  set  out,  Avith  garden  jilots  and  artistic  ornaments, 
so  far  as  the  traffic  and  the  considerations  in  the  following  paragraph 
permit  it  to  be  done  ;  and  they  should  present  an  individual  variety 
in  their  setting  out. 

The  traffic  squares  decidedly  require  openings  on  all  sides  ;  their 
free  surfaces  serve  the  walking  and  driving  travel.  All  other  squares 
need  a  close-built  frame  of  surroundings,  because  it  is  through  this 
frame  that  the  sqiiare  is  formed  in  an  architectural  sense;  the  wagon 
travel  may  be  permitted  around  the  border  of  the  jDarks,  but  not 
across  the  open  spaces  of  such  squares. 

b.  The  Relation  of  Streets  and  Squares  to  the  Buildings. — The  streets 
of  the  city  are  not  merely  for  the  purpose  of  serving  the  traffic,  giving 
an  opportunity  for  the  improvement  of  real  estate,  and  by  their  air 
spaces,  plantations  and  accessories  proving  useful  and  beautiful,  but 
they  are  also  destined  to  bring  our  structures  into  agreeable  jiosition 
and  effective  grouping.  The  latter  applies  in  an  especial  manner 
to  monumental  works  of  architecture  and  sculpture. 

According  to  aesthetic  laws,  there  are  four  different  distances  to  be 
distinguished  for  viewing  buildings  and  statues,  viz.,  a  distance  equal 
to  the  ai^proximate  height  of  the  work,  which  is  specially  suitable  for 
observing  the  details  of  a  structure;  a  distance  equal  to  double  the 
height,  to  view  the  whole  work  as  a  picture  by  itself;  a  distance  equal 
io  three  times  the  height,  in  which  the  work,  united  with  its  surround- 
ings, makes  a  part  of  the  joint  architectural  idea,  and  a  fourfold  and 
greater  distance,  which  only  shows  the  grouping  of  masses  and  develop- 
ment of  outlines,  producing  picturesque  views  of  the  city. 

From  which  it  follows,  if  a  monumental  edifice  is  to  be  erected 
-within  the  ordinary  street  lines,  the  width  of  the  street  should  not  be 
less  in  any  case  than  the  height  of  the  contemplated  structure  ;  but  it 
is  better  to  bring  the  street  to  one  and  a  half  or  twice  the  measure. 
Should  the  latter  be  impracticable  for  the  w^hole  length  of  the  street, 
the   widening   should   occur    directly   in   front   of  the   structure,  by 
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placing  the  structure  back  behind  the  street  lines,  in  order  to  obtairr 
front  space  and  thus  a  distance  of  sight.  Instead  of  setting  back 
the  structure,  the  corresponding  place  on  the  opposite  side  of  the 
street  can  be  set  back,  so  that  the  open  space  is  obtained  on  the  other 
side  of  the  street.  In  curved  streets  the  concave  side,  to  which  the 
sight  is  always  directed,  is  chosen  for  erecting  monumental  buildings,^ 
because  more  suitable  than  the  more  hidden  convex  side  of  the 
street. 

But  the  appearance  of  a  structure  is  more  effective  if  in  the  original 
establishment,  or  the  later  completion  of  the  plan  of  the  city,  the  street 
system  is  so  laid  out  that  a  monumental  work  forms  the  objective 
point  (closing  j)oint)  of  a  street,  or  of  several  streets;  and  further- 
more, an  elevated  locality  is  assigned  to  such  buildings.  The  axial 
and  elevated  erection  of  monumental  buildings  enriches  and  beautifies 
the  ajJi^earance  of  the  city,  and  serves  at  the  same  time  a  practical 
puri^ose,  as  it  makes  it  easy  to  direct  one's  Avay  in  the  network  of 
streets. 

We  should  beware  of  too  frequently  occurring  faults  in  the  axial 
arrangement  of  streets  and  monuments,  namely,  of  exaggerating  the 
distance  of  view,  and  of  obstructing  the  traffic.  According  to  the  afore- 
mentioned aesthetic  principles,  the  monument  already  begins  to  lose  its 
architectural  effectiveness  at  a  distance  of  four  times  its  height ;  there 
remains  only  the  effect  of  picturesque  masses  and  outlines.  But  these, 
too,  lose  their  signification  if  by  a  very  great  increase  of  vista  the  scale 
of  objects  is  too  much  reduced.  Statues  are,  on  this  account,  partic- 
ularly unsuited  to  street  intersections,  and  architectural  works,  as  a 
rule,  should  not  stand  free  to  view  at  a  greater  distance  than  such  as 
corresponds  to  10  times  the  height.  Also,  a  monument  ought  not  to- 
be  of  the  kind  to  interrupt  a  line  of  traffic  which  would  be  compelled 
to  go  around  the  structure,  in  order  to  set  forward  again  on  the  fui-ther 
side  in  the  same  direction  as  before.  The  monument  should  rather 
occupy  the  effective  street  termination  at  which  a  natural  turning  aside 
or  separation  of  traffic  occurs. 

Still  more  than  the  shaping  of  streets  does  the  improvement  of 
public  squares  stand  mutually  related  in  artistic  effect  to  buildings 
and  monuments  erected  on  or  near  the  squares.  The  destination  of 
squares  as  traffic  areas,  as  air  reservoirs,  and  as  shaded  j)laces  of  recrea- 
tion stands  subordinate  to  the  question  how  they  may  serve  as  a  place 
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of  setting  up  the  more  iiuportaut  ^YOl•ks  of  architecture  aud  iiiouu- 
ineutal  art.  The  erection  follows  so  that  the  buildings  and  monu- 
ments take  up  a  position  either  upon  the  area  of  the  square,  or  they 
surround  the  square,  or  both  kinds  of  erection  are  combined. 

If  the  square  is  built  up  with  a  structure  standing  free  all  around,  a 
space  must  be  left  open  in  front  of  the  building  at  least  of  such  width 
that  it  may  serve  as  a  plaza  so  as  to  offer  the  sufficient  distance  for 
observation.  Here  especially  a  distance  equal  to  double  the  height  is 
of  importance.  The  other  jjarts  of  the  square  have  then  merely  a  nearly 
neutral  significance. 

Instead  of  one  front  space,  two  or  more  are  often  arranged,  in  order 
— besides  the  front  view — to  bring  into  proper  effect  some  other  im- 
13ortant  aspects  of  the  monument.  With  monuments  of  great  extent 
this  arrangement,  which  results  in  the  division  of  the  entire  sqiiare 
into  a  group  of  squares,  is  specially  judicious.  In  this  connection 
care  should  be  taken  to  secure  the  aspect  of  being  in  a  closed  frame  to 
each  one  of  the  jjartial  squares. 

In  a  similar  manner,  too,  should  sculptured  monuments,  if  they 
occupy  a  public  square  as  a  masterpiece,  be  so  placed  that  the  larger 
portion  of  the  area  should  extend  in  front  of  the  statiie  for  its  better 
observation,  while  the  other  parts  of  the  square  have  a  more  restricted 
significance.  The  exceptions  are  such  j^iirely  architectural  monuments 
as  columns,  obelisks,  fountains,  etc.,  which  are  equally  important  on 
all  sides.  These  may  occupy  the  middle  point  of  a  square.  Another 
kind  of  arrangement  is  adapted  to  an  elongated  place.  It  consists  of 
a  row  of  figures  or  monuments  occupying  the  longitudinal  axis,  so  that 
a  masterpiece  may  adorn  the  middle  point. 

If  the  place  is  siirrounded  with  several  buildings,  and  has  an  open 
area,  there  arises  the  most  distinguished  creation  of  city  construction. 
The  most  careful  weighing  of  proportions  is  here  especially  important, 
in  order  to  obtain  the  appropriate  distances  of  observation.  High 
structures  come  to  stand  at  the  ends,  and  low  ones  along  the  sides,  of  a 
place.  A  space  of  view  of  double  the  height  is  essential  to  compre- 
hend the  form  of  an  edifice;  a  threefold  distance  is  necessary,  in  order 
to  enjoy  a  general  view  of  a  groujj  of  buildings.  It  does  not  require 
symmetry  in  a  geometrical  sense;  but  the  buildings  should  so  sur- 
round the  place  that  an  artistic  balance  may  everywhere  i^revail,  that 
the  enclosure  may  appear  complete,  and  that  the  outgoing  streets  may 
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not  break  up  the  design  unfavorably.  In  many  cases  the  breaks  may 
be  abolished  or  avoided  by  portals  built  over  the  street  exits. 

Also  statuesque  figures  standing  along  the  sides  are  suitable  to 
comislete  and  embellish  the  surroundings  of  the  jilace.  To  every  work 
can  the  just  distance  of  view  be  thus  afforded,  while  it  contributes  in 
general  form  to  the  artistic  effect  of  the  whole. 

The  combination  plan  of  building  upon  and  around  the  j)arts  of  a 
square  is  truly  difficult,  but  still  is  accompanied  by  the  loveliest 
artistic  effects,  if  it  fulfills  the  aesthetic  considerations  which  govern 
the  erection  of  building  and  monumental  work  in  the  various  i^ositions. 
It  requii-es  great  exercise  of  a  well-developed  artistic  feeling  to  strike 
the  right  thing.  This  feeling  alone  decides  in  a  so-called  picturesque, 
that  is,  irregular,  laying  out  of  a  place  and  free  groupings.  These 
often  occur,  too,  in  modern,  practically  managed  city  plans  where  it 
depends  uj)on  bringing  into  harmony  historical  structures  \fith.  new 
creations. 

ABSTKACT. 
I.  Practical  PeincipIjES. 

a.  The  city  trafiic  demands  the  laying  out  of  radial,  ring,  diagonal 
and  by  streets,  as  well  as  business  squares  and  focal  points.  A  mere 
rectangular  system  is  unfit  for  a  street  plan. 

The  laying  out  of  street  railways  is  to  be  regarded.  The  profile 
of  the  streets  should  be  the  flattest  i^ossible,  but  drained,  the  embank- 
ments not  to  be  too  high.  Excavations  are  to  be  jiractically  avoided. 
The  width  and  cross-section  of  streets  should  answer  generously  to  the 
amount  and  kind  of  trafiic. 

Also  for  traffic  not  done  on  the  streets  (railroad  and  water-way  traffic) 
the  layout  of  the  city  must  have  a  care. 

b.  The  blocks  formed  by  the  network  of  business  streets  are  suit- 
able for  city  construction.     Sharp-angle  corners  are  to  be  rounded  off. 

Within  the  blocks  the  property  lines  are  to  be  swung  into  rec- 
tangular position  by  either  voluntary  exchange  or  legal  compulsion. 

The  layout  of  the  city  has  to  jjrovide  blocks  of  different  sizes  in 
suitable  places,  such  as  are  requisite  for  business  operations,  j^rivate 
houses,  rented  houses,  stores  and  workmen's  dwellings. 

Also,  blocks  and  pai'ts  of  blocks  are  to  be  provided  in  suitable  size 
and  place  for  erecting  jiublic  buildings. 
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e.  For  reasous  of  health,  the  city  fjfround  must  be  free  from  over- 
flow, or  protected ;  the  soil  must  be  kept  dry  and  clean. 

An  underground  system  of  sewers  is  indispensable  to  the  removing 
of  atmospheric  precipitates,  the  domestic  and  industrial  waste  water, 
and  human  excreta. 

Genei-al  provision  of  good  drinking  water  is  necessary. 

A  sufficient  provision  of  atmospheric  light  and  of  direct  sunlight  is 
to  be  served  by  a  judicious  orientation  of  the  streets  towards  the  cardinal 
points  and  a  generous  width  of  the  streets;  but,  better  still,  by  a 
rational  arrangement  of  the  habitations  within  the  blocks.  For  night 
lighting  the  electric  light  is  j)referable  to  gas. 

The  providing  of  the  city  with  fresh  air  requires,  besides  sufficient 
width  of  streets  and  size  of  yards,  open  squares  in  the  street  system 
and  gardens  in  the  building  blocks;  further,  such  districts  as  will  allow 
only  separate  buildings  to  be  erected;  and,  finally,  shade  trees  on  the 
streets,  squares  and  separate  parks.  The  plantations,  consisting  of 
rows  of  trees  and  garden  levels,  serve  not  merely  to  purify  the  air,  but 
cause  the  city  jjopulation  to  take  bodily  exercise,  and  afford  recreation 
and  refreshment. 

The  city  layout  has  to  provide  special  districts  for  industries 
injurious  to  health  or  annoying,  or  to  lay  down  local  restrictions. 

II.  Esthetic  Peinciples. 

a.  The  elegant  development  of  the  streets  requires  the  restriction 
of  street-lengths,  the  variation  of  straight  and  curved  street  lines,  the 
avoidance  of  convex  and  the  preferring  of  concave  changes  of  gi-ade, 
the  avoidance  of  street  sjDaces  all  too  wide  and  vacant,  the  setting 
out  of  the  streets  with  horticultural  and  artistic  decorations,  and, 
furthermore,  the  individual  handling  of  single  streets,  but  not  in  a 
j)attern-like  way. 

For  the  elegant  development  of  places  the  same  points  of  view  are 
to  be  regarded.  Convex  shape  of  ground  and  excessive  size  of  vacant 
levels  are  to  be  avoided;  individuality  of  formation  to  be  aimed  at, 
and,  so  far  as  the  design  jjermits,  a  close-biiilt  frame  of  surroundings 
to  be  i^rovided  and  the  open  sj^aces  to  be  kept  free  from  carriage  roads 
across  them. 

b.  For  obtaining  an  elegant  proi^ortion  between  the  streets  and 
places  on  the  one  hand  and  the  buildings  on  the  othei-,  the  following 
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rules  are  useful:  Choice  of  street-Avidtlis  not  narrower  tlian  the  height 
of  buildings;  arrangement  of  si^aces  in  front  of  important  structures; 
preference  of  the  concave  side  of  streets;  jjutting  prominent  structures 
in  an  elevated  position  and  at  the  objective  point  of  one  or  more 
streets,  while  avoiding,  however,  the  embarrassment  of  traflSc  and 
exaggerated  visual  distances;  furthermore,  placing  a  structure  upon 
an  open  sq[uare,  so  that  a  front  si^ace,  or  several  parts  of  a  square,  suit- 
ably enclosed  and  of  sufficient  size,  may  be  kei^t  free  for  observation 
of  the  structure;  placing  one  or  more  monumental  buildings  on  or 
around  an  open  place,  so  that  suitable  visual  distance  is  everywhere 
afforded,  the  artistic  equilibrium  i^roduced,  the  enclosure  of  the 
picture  made  complete,  and  its  disintegration  avoided. 

Monuments  of  a  figurative  art  are  not  to  stand  at  the  middle  point 
of  a  square  ;  this  is  permissible  only  for  all-around  homogeneous 
works  of  architectural  art.  Arranging  them  in  rows  on  the  longi- 
tudinal axis  is  seldom  judicious,  and  standing  them  around  the  border 
is  frequently  so,  and  the  bringing  about  of  a  correct  distance  for  obser- 
vation is  necessary. 

For  the  irregular  arrangements  of  a  picturesque  kind,  there  is  no 
other  rule  than  artistic  feeling. 
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